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GEOLOGY OF TEXAS PANHANDLE 
OIL AND GAS FIELD' 


HENRY ROGATZ? 
Amarillo, Texas 


ABSTRACT 


The production of oil and gas in the Panhandle is controlled by the position of the 
oil-water and oil-gas contacts, which have been displaced from their original horizontal 
positions by the regional tilting of the entire surrounding area. Because of this tilting, 
oil occurs structurally higher along the north flank of the ridge on the west than on the 
east. 

The Permian pre-Red-bed section is a thick series of precipitate deposits divided 
into anhydrite, dolomite, and limestone, together with Granite wash. If the beds above 
sea-level were removed, the new outcrops would show: (1) these formations as ever- 
widening bands from east to west, along the north flank of the granite core of the buried 
mountains; (2) the successive series thickening northwest; and (3) the lower dolomite 
and upper Granite wash grading into limestone west and northwest of the town of 
Borger. The lithologic changes of these formations and the structural features are dis- 
cussed separately by counties. 

Although new shallow oil pools are not to be expected, at least in any great quanti- 
ties, Jen possibilities of deep production are practically limitless and exploration is un- 
touc 


GENERAL 


The primary purpose of this paper is to describe the stratigraphy 
and structural geology of the Texas Panhandle oil and gas field. The 


1 Presented by title before the Association at Oklahoma City, March 22, 1939. Sub- 
mitted in partial fulfillment of the requirements for the degree of Doctor of Philosophy 
in the Faculty of Pure Science, Columbia University. 

Nore.—In this paper, Mr. Rogatz continues a system of nomenclature that was 
proposed by J. J. Maucini in 1925 and also used by Rogatz in another paper in 1935. 
Certain units of the “‘Big lime’’ and Granite wash of the Texas Panhandle are called 
“zones’”’ and designated by the letters “‘A,’’ “B,”’ “C,” “D,” and “E.”’ In 1932 the 
American Association of Petroleum Geologists collaborated with other geological so- 
cieties in the preparation of a “‘Classification and Nomenclature of Rock Units’ which 
was published in this Bulletin, Volume 17 (July, 1933). These rules provide that litho- 
logic units shall be series, groups, and formations. The subdivisions of a formation are 
members, lentils, and tongues. The smallest units are beds, strata, and layers. A zone 
is defined as “‘a subordinate unit containing the rocks deposited during the time of ex- 
istence of a particular faunal or floral assemblage. It may be of the magnitude of a bed, 
a member, a formation, or even a group.” The “zones” in Rogatz’ paper are admittedly 
lithologic units and are not in any way faunal or floral units and really should be de- 
scribed as formations, members, lentils, or tongues and not as zones. All names of 
sedimentary formations are supposed to be ‘‘binomial, the first part being geographic, 
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984 HENRY ROGATZ 

lithologic changes in the rocks and oil-producing formations from one 
locality to another are discussed, and oil pools are described with par- 
ticular regard to lithology. However, before entering into this more 
detailed discussion, it is necessary to describe briefly that part of the 
geological section from which the oil and gas are produced. This sec- 
tion is divided into the “Panhandle Big lime”’ and the “Granite wash” 
series. For the general aspects of the structural geology and lithology 
of the Panhandle, the reader is referred to a previous article.* 


GENERAL GEOLOGY 


The series of formations immediately important to the Panhandle 
geologist lies below the Permian Red-beds. The importance of these 
older formations is two-fold; they contain both the oil and gas reser- 


Fic. 1.—Index map of Texas. Stippled area shows part discussed in text. 


voirs and the geological markers used for contouring. None of the 
series of rocks above the “Big lime” is considered, although four 
generalized columnar sections, showing the Permian Red-beds in dif- 
ferent areas in the Panhandle, are included. 

The division of the “Big lime” series is based on that originally 
made by J. J. Maucini* in 1925. Subsequent years of work have 


and the other, ordinarily, lithologic (as Dakota sandstone), though if the formation 
consists of beds differing greatly i in constitution, so that no single lithologic term is ap- 
propriate, the word ‘formation’ may be substituted.” Therefore, in the Panhandle it 
would be better usage to give these lithologic units geographic and lithologic binomial 
names rather than to call them “A,” “B,”’ “C,”’ “D,” and “E” “zones.” It is hoped 
that in the future a better nomenclature for that area can be prepared and accepted. 
—Joun G. BarTRAM, chairman, committee on geologic names and correlations. 


2 Consulting geologist, 301 Rule Building. 


3 Henry Rogatz, “‘Geology of Texas Panhandle Oil and Gas Field,’’ Bull. Amer. 
Assoc. Petrol. Geol., Vol. 19, “No. 8 (August, 1935), pp. 1089-1109. 


‘ District geologist, Continental Oil Company, Wichita Falls, Texas. 
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brought out numerous features, refinements, and subdivisions. A 
knowledge of the characteristics of each division is valuable for a clear 
understanding of the geology of the Panhandle oil and gas field. 


BURIED GRANITE MOUNTAINS 


Underlying the Red-beds of the Texas Panhandle is a prominent 
geologic feature known as the “Amarillo buried mountains,” or the 
“buried Granite ridge,” which has a general northwest-southeast 
trend. The core of the ridge is composed, essentially, of coarse red 
granite similar in composition to that which forms the basement rock 
of a large part of the Permian salt basin. Overlying this ridge are the 
arched series of stratified beds consisting of chemical precipitates and 
clastic deposits. 

It is on the north flank of this mountain system or ridge that oil 
occurs in the Panhandle. Normally, one may expect the oil in porous 
beds which lie between sea-level and 100 feet above, although it has 
been found as much as 200 feet lower, particularly in the granite wash 
pools. Inasmuch as the relationship of sea-level to the occurrence of 
oil is merely coincidental, the latter may be found, in a few places, at 
elevations even higher than 100 feet above sea-level (see chapter on 
Gas-Oil-Water Contacts). 

The apex of the Granite ridge can not be outlined, because of 
insufficient oil-well data along the top of the ridge. The meager infor- 
mation available gives some indications of peneplanation in at least 
three localities (Taylor granite ridge, Lefors ridge, and south-central 
Wheeler County). In the writer’s knowledge, except in these three 
areas, the top of the ridge is overlain with a considerable thickness of 
Granite wash so that the possible effect of peneplanation is concealed, 
since very few wells have penetrated the deposits, at these places. 
However, here and there, a well is located accidentally, over a granite 
peak, the presence being recognized by the appearance of granite in 
the well immediately under the “Big lime” series. These peaks are 
steep-sided so that wells located only 660 feet away may drill through 
hundreds of feet of Granite wash before the solid granite is reached. 
These granite masses have the characteristics of monadnocks which 
seem to be plentifully scattered over the top of the ridge. 

The relationship between the elevation of the apex of the Granite 
ridge and the thickness of the overlying pre-Red-bed sediments is sig- 
nificant. In both Wheeler and Potter counties, the apex of the Granite 
ridge is about 1,100 feet above sea-level. This figure does not consider 
extreme local conditions as caused by monadnocks or steep-sided 
peaks, in which areas the granite may rise to about 1,300 feet above 


| 
4 
~ 
; 
4 
oy 
4 


GEOLOGY OF TEXAS PANHANDLE FIELD 987 


sea-level. The top of the “Panhandle lime’ datum in Potter County 
ranges from 1,500 to 1,600 feet; in Wheeler County, from 1,200 to 
1,300 feet. Inasmuch as the granite floor is at approximately the same 
level at both ends of the ridge, and because the “top of the lime”’ is 
higher in the west, there is indicated a definite thickening of the pre- 
Red-bed series. 

Regional tilting of the entire Granite ridge is suggested by these 
relationships as well as others, which are mentioned later. The west- 
ern part of the ridge, being less elevated during “Big lime’”’ deposition, 
was submerged much earlier, receiving a greater thickness of sedi- : 
ments. The date of tilting can be placed at post-Permian or Laramide eae 
since that was the date of the first major movement which could have a. 


effected this tilting. 
SEDIMENTARY SERIES 
The pre-Red-bed series is divided into five parts,’ each being desig- i 
nated as a “zone”; as “A,” “B,” “C,” “D,” and “E.” Both “C” and > 
“E zones” are subdivided, in turn, as follows: “C zone” into .“C’” 4 a 
and “C* subzones,” and “E zone” into “E”’ and “E? subzones.” ee 
The “A zone” is omitted in most of the following discussion be- Sai 
cause it is universally barren of oil. Its only value is in mapping and —" 
correlation. The top of the ‘“‘zone’”’ (known as the “top of the Pan- a go 


handle Big lime’’) is the most widely used marker, largely because 
of the distinct change between it and the overlying beds. The term 
“top of lime”’ is an unfortunate one because the ‘‘A zone” is primarily 
anhydrite, no true limestone being present at all; however, constant 
usage by the early drillers has fixed the term in the Panhandle system 
of geological nomenclature. 

Many graphic generalized columnar sections have been included 
which were constructed to show representative stratigraphic sequences 
of various areas throughout the Panhandle. They were erected from 
the microscopic examinations of numerous well cuttings and are in- re eae 
cluded in order to acquaint the reader with the changes in the geo- . > 
logical section in an extensive area, not only in the producing oil pools a 
but in the outlying or wildcat localities. It was the writer’s desire to 
include the entire columnar section from the surface to the total depth 
in each locality, but, unfortunately, complete sets of well cuttings 
were not available from all of the desired areas. Therefore, in all but 
four sections, the Red-bed series has been omitted. However, these 


5 A convenient zonal chart of these divisions is available in the article, “Crude Oil 
Reserves of Texas Panhandle,” by Henry Rogatz, Oil Weekly, Vol. 92, No. 4 (January 
2, 1939), p. 18. The chart gives a description of the zone, thickness, areas showing 
best development for production of oil or gas, type of deposit, commercial importance, 
porosity, type pool, and commiercial recovery per acre. 
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upper formations are, generally, unimportant with regard to the pe- 
troleum geology of the area. A few complete sections suffice to give 
the general idea of the Red-bed sections which overlie the buried 
granite mountains. 


SUBSURFACE GEOLOGIC MAPS® 


The county geological maps are the result of 12 years of work. 
During this time, the writer has made microscopic examinations of 
well cuttings from more than 1,000 wells, this material forming the 
basis for the preparation of the maps. 

In a general way, the maps indicate from which of the six zonal 
formations (“B,” “C',” “C?,” “D,” “E!,” and “E”’) any specific area 
would produce, the porosity of the formation permitting. The forma- 
tions have been mapped on the top of the oil surface (gas-oil-water 
contact). Since this surface rests approximately at sea-level, the map 
is virtually a subsurface geological map along that level. In other 
words, if rocks overlying approximately sea-level were removed, the 
formations, as indicated, would crop out at the newly formed surface. 
Hence, in this article, the formations appearing on the maps are 
called “outcrops” and this term has no connection with surface out- 
crops. 

In regard to the relationship of the occurrence of oil in the formations 
on the map, the writer does not mean to give the impression that oil will 
be found in every locality where the formations are represented. Rather, 
the map shows from which formation any particular area would produce 
if oil were present. 

Because of the horizontal changes in the lithologic character of 
the formations from place to place, additional symbols are used on the 
maps to indicate the occurrence of these changes. The latter are de- 
scribed in this paper and, in the important cases, are also listed in the 
text accompanying the maps. Therefore, the maps not only show the 
*‘zone”’ to which the particular formation belongs, but also the litho- 
logic character or kind of rock composing the formation. 

Attention is called to the areas mapped as solid granite. Experi- 
ence has taught that to declare the occurrence of granite in a particu- 
lar well eventually may cause considerable embarrassment to the 
geologist. Yet there seems to be sufficient reason to make this ‘pro- - 
nouncement in certain instances. There are certain criteria for dis- 
tinguishing granite from granite wash. Some of these are the freshly 
fractured appearance of the cuttings and the uniformity of material 

* These maps were yg published in color, including all counties on one map, 


the article on “Crude Oil Reserves of Texas Panhandle,” op. cit., Oil 
eekly. 


4, 
5 
ay 
4 
as 
fy 
* 
x 
aa 
A 
4 


GEOLOGY OF TEXAS PANHANDLE FIELD 989 


constituting each successive sample. It can be stated that there exists 
a considerable number of well established cases of wells having been 
drilled into solid or creviced granite. 


GAS-OIL-WATER CONTACTS 


In the past, the oil or gas productivity of any formation in the 
Panhandle was evaluated on the basis of: (1) the porosity of, the for- 


theoretical 
cil-woter level 
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Fic. 3.—Diagram to illustrate tilting of large body of gas, oil and water in vessel 
containing partitions representing alternating porous and dense or semi-porous 
formations. 
mation, and (2) the relation of this formation to sea-level. The value 
of the porosity is recognized, readily, and requires no comment. 

The problem of the relationship of the formation to sea-level is 
more obscure. This relationship which is responsible for the occurrence 
of the oil near sea-level always has been recognized as a coincidence. 
For this reason, the varying position of the oil with respect to sea- 
level has confused the Panhandle geologists for many years. Actu- 


| 

SS 

R&S 

SS 
SS 

| woter 
<4 

B. SSS 

SSS 
SSS 

= SSS 


990 HENRY ROGATZ 


ally, this relationship is secondary, and the variation between pools 
follows a very definite plan. 

The relationship which does exist is between the porous forma- 
tions and the surfaces formed by the gas, oil, and water. To appreciate 
this, it is necessary to alter, slightly, the general conception of the oc- 
currence of oil from that associated with the normal oil field. In the 
latter, it is customary to consider the water, oil, and gas in terms of 
their position within a single formation, whereas, in the Panhandle, it 
is necessary to consider a series of formations in terms of its position 
within the bodies of water, oil, and gas. This latter situation is analogous 
to a series of inclined boards (slightly porous) separated from each 
other by layers of air placed in a closed vessel containing a large vol- 
ume of gas and water and a comparatively small volume of oil in the 
proper gravitational relation (Fig. 3A). Upon immersion, the fluids 
replace the air spaces between the boards, which correspond respec- 
tively to porous formations and barren, or slightly porous zones. 

Imagine the vessel being tilted (Fig. 3B) and at the same time the 
fluids becoming continually more viscous (representing a force oppos- 
ing adjustment of fluid levels). The fluids tend to form three hori- 
zontal layers in the lowest corner of the vessel. Figure 3B pictures the 
attitude of the fluids before complete adjustment is attained. It will be 
noticed that the oil wedges out in one direction, mainly because of its 
comparatively small volume. A similar incomplete adjustment of the 
gas, oil, and water system occurs along the north flank of the Amarillo 
Mountains, as a result of tilting following the accumulation of the 
oil (Fig. 4). 

The oil wedges out toward the west in any formation along the 
strike; and also appears to wedge out toward the north across the 
strike. 

In the following discussion, the common surface between the oil 
and water bodies is referred to as the “‘oil-water contact’’; the sur- 
face separating the gas from the oil is called the “gas-oil contact’; 
and that separating the gas from the water is known as the “‘gas-water 
contact.” 

As a result of the wedging-out of the oil (Fig. 4), it is possible to 
produce gas from wells tapping the same formation as that of adjacent 
oil wells but on the downdip side. This may result in a downdip se- 
quence of production as follows: gas, oil, gas, water. 

Normally, the oil-water contact is encountered between sea-level 
and 100 feet above. However, this ranges downward to 100 feet below 
sea-level with elevations higher and lower being comparatively ex- 
ceptional. The elevation above sea-level of the oil production in any 
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well varies from pool to pool, and becomes consistently lower to the 
southeast. These facts demonstrate the lack of parallelism between 
the oil formation and sea-level throughout the area. They indicate 
that some surface, other than sea-level, determines the position of the 
oil in the reservoir rocks of the Panhandle. This surface is the tilted 
oil-water contact. 

The detailed study of the relation of the oil-water contact to the 
formations is handicapped because most wells do not penetrate the 
contact. It would be necessary for the well to be drilled into the water 
zone to reach this contact, and this is always avoided if possible. 


OIL-WATER CONTACT LINE 


The intersection of the oil-water contact and the top of the young- 
est producing formation is known as the “oil-water contact line (basin- 
ward).” The intersection of the oil-water contact and the bottom of 
the oldest producing formation is known as the “‘oil-water contact 
line (ridgeward).” The intersection of the oil-water contact and the 
top or bottom of the intermediate producing formation does not re- 
sult in the creation of other oil-water contact lines because, by defi- 
nition, this term refers only to the basinward and ridgeward edge of 
the oil pool; and all of the oil, water, and gas is considered as being one 
huge system. 

The area located basinward (north or downdip) of the contact line 
is not productive of oil because the area extends outside of the limits 
of oil production as determined by the oil-water contact line (basin- 
ward). The porous formation is located outside of, or structurally 
lower than, the oil-water contact and it produces water. 

If the oil-water contact line were to rise, structurally, the produc- 
ing areas would be shifted south, or updip. No change in the ultimate 
yield of oil would result except in accordance with local variations in 
the porosity. 

The oil-water contact line passes about one mile south of the town 
of Plemons (central Hutchinson County); therefore, it is structurally 
higher than the porous formations on the north. It occurs well above 
sea-level. Theoretically, no oil should occur in any part of the forma- 
tion north of the contact line (basinward), and, actually, very little 
does. However, because of irregularities along the edge of the oil-wa- 
ter contact, non-commercial amounts of oil may occur, consisting of 
small showings or even small wells barely producing a few barrels a 
day. North (updip) of the oil-water contact line, normally the wells 
produce water. 

The oil-water contact line (basinward) continues in general north- 
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westward, passing one mile north of the town of Stinnett. From here, 
the direction of the contact line continues approximately north- 
northwest. All acreage north and east of this contact line should be in 
the non-productive or water-producing area. 

Between the oil-water contact (basinward) and the gas-oil contact 
(ridgeward), all formations are favorably situated, structurally, for 
the production of oil if the beds are porous. The tilting of the rocks in 
the Panhandle, with the resultant shifting of the oil-water contact 
line, is responsible for the removal of more than 50,000 acres from the 
oil-producing ‘territory of northwestern Hutchinson County and in 
northern and northeastern Moore County. In this area, if sea-level is 
used as a criterion, the porous formations would lie very favorably for 
the production of oil, but as they occur below the oil-water contact or © 
north of the oil-water contact line, they are in the unproductive water 
zone. Inasmuch as the total volume of oil in the Panhandle reservoir 
is fixed, it is natural to assume that, had there been no displacement 
of the contact line, these 50,000 acres would have been included in 
the oil-producing area. However, as a result, there would have been 
a considerable area, situated structurally higher and at present pro- 
ducing oil, which would be barren of oil now. 

The question concerning the scarcity of oil in Moore County, at 
present, has been of considerable concern. A thorough study of the 
oil-water contact, and contact line, could be intensely important, 
either because it might lead to the locating of elusive oil deposits, or 
because it might determine, definitely, the reason for their absence in 
this county. 

In general, then, the occurrence of oil is not determined by the 
relation of the porous formations with respect to sea-level, as origi- 
nally believed. Instead, the location of oil is controlled by the position 
of the oil-water contact surface (oil-water contact), which tilts gently 
east or possibly southeast and cuts across all formations. Any porous 
formation which intersects the zone between the oil-water and the gas-oil 
contact surfaces will be productive. 


PLAN OF DISCUSSION 


It will be the plan of this paper to discuss the subsurface geology 
by counties. This discussion is divided into two parts: (1) the promi- 
nent structural geological features are outlined and their effect on the 
oil productivity noted; (2) the stratigraphy of each formation is con- 
sidered with particular emphasis on the changes occurring throughout 
the county. In regard to any pool in which a formation is particularly 
important or well developed, this pool is discussed under that forma- 
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tion, giving particular reference to the important features of the for- 
mation. In many instances, the changes occurring in the formations 
as they trend across the county are included even though they do not 
contain an oil-producing area. Finally, the value of the formation is 
noted, commercially, as well as its position in comparison with the re- 
maining formations. 


GRAY COUNTY 
STRUCTURAL GEOLOGY 


The buried Amarillo mountain system cuts diagonally across the 
center of Gray County in its generally characteristic northwest-south- 
east trend, cutting the county into two equal parts (Fig. 5). The es- 
sential element of the mountains is the main Granite ridge. Additional 
important structural features are a system of elongate ridges parallel- 
ing the main Granite ridge on the north and south sides, those on the 
latter being arranged in a more or less en échelon order. The Lefors 
granite ridge appears to be the most prominent of the parallel ridges, 
and because of its position north of the main ridge, it is probably the 
most important, commercially. 

The Taylor granite ridge is much more extensive than the Lefors 
ridge but it is of little economic importance, at present. The width is 
4-5 miles and it is exceptionally flat across the top, possibly a result 
of pre-Cambrian peneplanation. This part of the mountain system 
may originally have been one of the highest areas in the region, be- 
cause, although the top of the Granite wash series along the axis of 
the main Granite ridge (immediately north) is more elevated above 
sea-level than that of the Taylor ridge, the solid granite surface of 
the former is lower. Régional tilting in a southeasterly direction could 
have caused this change. A very thin Granite wash covering of about 
25 feet overlies the Taylor granite ridge and is considerably thinner 
than that overlying the main Granite ridge on the north. 

Lying between the Lefors and Taylor ridges, is the Lefors basin 
which extends about 13 miles due east-west across the central part of 
the county. It is about 5 miles in width. The basin interrupts the con- 
tinuity of the main Granite ridge so that it is surrounded by ridges. 
For this reason, it appears that the basin might be a graben, although 
only the north side is known to be faulted, definitely. The drilling de- 
velopment on the south margin has been too slight to make an accu- 
rate observation regarding the possibility of existing faults (Fig. 5). 

The Pampa nose plunges into the Anadarko basin in a northeast- 
erly direction which is at right angles to the major Panhandle trend. 
Another cross fold, the Alanreed nose, is recognized in south-central 
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Fic. 6.—Subsurface geologic map of Cray County, Texas. Formations indicated are those occurring approximately at 
sea-level. See — 7 for legend. Revised from colored insert map by Henry Rogatz, included in Oil Weekly, Vol. 92, No. 4 
(January 2, 1939). 
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PERMIAN 


PENN. 


c! 
ZONE 


SUBZONE 


E' 
SUBZONE | 


SUBZONE 


Brown Dolomite 
Oolitic Dolomite 


White Dolomite 


Arkosic Dolomite 


Pink Granite Wash 
upper 150 feet 


All Granite Wash 
below E' 


Undifferentiated 


Granite 


Limestone 


Arkosic Limestone grading 
into Massive Limestone 


Limestone 


Limy 
Granite Wash 


Fic. 7.—Symbols used on geologic maps (Figs. 6, 11, 15, 18, 20, and 25). Areas bordering contacts between adjoining 
zones will produce not only from zone indicated on map, but also from adjacent zone. Zone shown on map, however, is the 
more important. 


Base for these maps was furnished through courtesy of Victor Cotner, chief geologist, Columbian Fuel Corporation. 
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Gray County and plunges in the exactly opposite direction—that is, 
southwest into the Palo Duro basin. There are minor right-angle 
trends in Gray County, particularly along the rim of the Anadarko 
basin. 

Although the presence of faults is recognized in Gray County, they 
are difficult to establish with certainty, not only in Gray County, but 
in the entire Panhandle. No definite geologic time can be set for the 
occurrence of faulting because it seems to have been continuous dur- 
ing a long period. The faulting is, ostensibly, the outcome of the forces 
of adjustment resulting from the accumulation of great thickness of 
sediments off the flank of the ridge. 


STRATIGRAPHY 


All of the “zones” are represented in Gray County (Fig. 6), al- 
though some are not fully developed. The Gray County phase of the 
“FE zone” (Granite wash) is outstanding. It not only attains its best 
cevelopment in this county, but it is superior in thickness and pro- 
ductivity to all other formations. As much as 2,500 feet of clean loose 
Granite wash have been penetrated in one well on the north flank of 
the main Granite ridge. Immediately preceding the abandonment of 
the well, it was still drilling in Granite wash. 

“‘E zone.’’—The Granite wash was produced by the deposition of 
débris resulting from the erosion and disintegration of the granite 
mountains which formed an archipelago or elongate island in Middle 
and Upper Pennsylvanian seas. During this time, the shore line en- 
croached landward, either as a result of the rise of sea-level or the de- 
pression of the land block. This change was accompanied by a rapid 
wearing-down of the mountains resulting in the deposition of enor- 
mous Granite wash material. 

Since most of the information regarding the character of the 
“wash” must be gained from the study of well cuttings, it is difficult 
to get an accurate picture of the lithologic character or structure of 
these deposits. The general impression, however, is that the “E zone” 
consists of thick deposits of unsorted arkose or Granite wash, and red 
shales. In general, this Granite wash consists of fragments varying in 
size from a fine sand to huge boulders, with an average range from 
medium-sized sand to pea gravel. Since the drill breaks up most of the 
fragments, it is ordinarily impossible to secure definite information 
with regard to the texture. 

The relation of the red shale to the Granite wash is a result of vari- 
ation in deposition which is developed to such a great degree in many 
places that the deposits are referred to, variously, by such loosely de- 
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finable terms as “lenticular,” “lens,” “lentile,” and “interfingered.” 
Deposits such as these are frequently and erroneously pictured as 
isolated masses of Granite wash (usually referred to as lenses) sur- 
rounded by red shale. 

Many misconceptions are encouraged by the use of the foregoing 
terms and for this reason they are particularly unfortunate ones, al- 
though they have been widely used, unintentionally, by all Panhandle 
geologists including the writer. The main objection to these terms is 
that they do not accurately convey a clear picture of the inter-rela- 
tionship between the red shale and G-anite wash. Strictly speaking, 
“lenses” of Granite wash should refer to flattened masses of the ma- 
terial, thicker in the center and thinning out to knife edges in all di- 
rections. The area covered would be a circle. A “‘lentile” is similar to 
a lens except that the horizontal section is oval. Cross sections of 
certain types of deposits, which are not lenses, might produce lens- 
like shapes when viewed from the proper direction (see discussion on 
tongues). Frequently such deposits are referred to, unknowingly, as 
“lenses.” 

In the Granite wash series, there are all variations of deposition 
ranging from continuously bedded formations of Granite wash to beds 
consisting entirely of red shale. Intermediate, is a series of irregularly 
interbedded Granite wash and red shale. The Granite wash appears, 
in cross sections, as a series of unevenly bedded masses, the thickness 
of which varies considerably in any deposit within very short dis- 
tances. A network of stringers or streaks of “‘wash” interconnect the 
various bedded deposits, creating an important intercommunicatory 
system throughout almost the entire Granite wash mass. This permits 
the free circulation of oil to any part of the Granite wash system which 
might lie within the oil formation. In many parts of the Panhandle, 
the Granite wash is cemented by varying amounts of red shale which 
may be sufficient to prohibit the passage, and thereby prevent any 
great accumulation of oil. Although this is a common occurrence, 
there are several Granite wash areas which consist of extensive de- 
posits of Granite wash free of red shale and in these formations are 
found huge deposits of oil from which have been developed prolific 
oil pools. Commonly, a Granite wash deposit occurs which resembles 
a tongue or wedge-like mass. A section across the tongue gives the 
impression that the deposit is a true lens. To complete the picture, it 
is necessary to construct a cross section at right angles, which would 
show a bedded deposit of varying thickness, or more likely, it would 
show a thickening in one direction, for a considerable distance. 

The term “interconnected” suggests the important characteristics 
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of these deposits without misrepresenting any details of their construc- 
tion. Therefore, the writer is using this term to describe this type. The 
term “interconnecting” is used in preference to such terms as “‘inter- 
fingering”’ or “interwedging” which the writer looks upon as a more 
definite system of deposition. These latter terms are used in describing 
the relationship between deposits in which there is a wedging of the 
beds as they overlap and offlap the shore, tending to develop tongues, 
or deposits which thicken in one direction and thin out completely in 
the opposite. 

In the Panhandle, which is the type locality for the oii-producing 
Granite wash, there are all degrees and types of deposition including 
interconnecting and interfingering deposits. The productivity of any 
Granite wash pool is dependent on the extent to which the wash is 
bedded. Deposits which are distinctly bedded can also be intercon- 
nected, and are more consistently productive than a series composed 
of irregular, poorly developed masses of Granite wash and red shale. 

Unfortunately, there are only a few pools in which the Granite 
wash is distinctly bedded to any considerable extent. Foremost among 
these is the Finley pool in Gray County, in which there are at least 
four recognized productive Granite wash “zones,” with indications 
that others exist (see Fig. 6). The degree of perfection of bedding is 
dependent almost entirely on the conditions under which the Granite 
wash composing it was deposited. The two types of deposition are 
continental and marine, the former developing interconnected de- 
posits, the latter more likely producing imperfectly bedded forma- 
tions, the character of which is dependent on the position of the shore- 
line and the rate of deposition. Normally, the deposition of Granite 
wash in the Panhandle occurred under the influence of a depressing 
land block or a transgressing sea. The rate of supply of Granite wash, 
however, exceeded the rate of depression of the land, at least over the 
greater period of time. At infrequent intervals, the rate of deposition 
changed, becoming less than or at least uniform with the rate of de- 
pression of the land. These are the important periods in the deposition 
of the Granite wash because they resulted in the formation of bedded 
deposits free from red shale, and deposits therefore capable of storing 
enormous volumes of oil. 

One of the best examples of a bedded Granite wash deposit is the 
Finley pool which lies in a saddle or depressed area between the west 
cliff or steep slope of the Lefors granite ridge and the gently dipping 
eastern extremity of the west member of the main Granite ridge 
(Fig. 5). The saddle served as a connecting link between the Anadarko 
and Lefors basins located, respectively, on the north and south. Thick 
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and extensive deposits of granite débris were eroded from both ridges 
and deposited in the low area between them. A topographic depression 
was produced eventually because of the diminished deposition in a 
north-south channel lying between the two ridges and connecting the 
two basins. Inasmuch as the Granite wash deposits, so produced, were 
comparatively level, there were created two separated terraces, one 
on each flank of their respective ridges. The ultimate result was the 
formation of an impervious barrier of marine sediments causing the 
separation of the Bowers and Finley pools, which otherwise would 
have formed one huge pool. 

During the latter half of the “E zone’’ time, at least, the sea-level 
rose, probably because of the rapid deposition of great masses of 
Granite wash and red shale. During several intervals, the quantity of 
wash laid down between the two ridges was greatly diminished so that 
there was opportunity for the reworking of the granite débris. This 
occurred at least four times (Fig. 8), producing four bedded deposits 
of uncemented Granite wash, each of which is 15-20 feet in thickness. 
Subsequently, oil accumulated in these beds. 

As a result of peculiarities of deposition, the beds are not evenly 
formed but may vary in thickness from place to place, depending on 
the amount of wash being deposited locally. The conditions control- 
ling the formation of the bedded Granite wash necessitated a fine 
balance in the adjustment between the rates of deposition and en- 
croachment of the sea. Inasmuch as the terraces were located close to 
sea-level, and since there was a variation in the amount of material de- 
posited at different places along the ridge, local conditions similar to 
those described for the formation of the bedded deposits resulted in 
the deposition of numerous stringers of Granite wash free from shale. 
These local areas of deposition gradually shifted from place to place, 
producing, between successive beds, interconnecting stringers or 
streaks of wash which were not necessarily vertical. Regardless of 
whether they range from a few feet to thousands of square feet in 
area, they play an important réle in the occurrence of oil in Granite 
wash pools, for because of them the migration of oil from one bed to 
another is made possible, and complete permeation with oil of the 
entire Granite wash series is effected. By this intricate system of in- 
terconnecting Granite wash streaks, the beds from the lowermost to 
the uppermost formations are connected. In most places along the 
main Granite ridge where the bedding action of the waters was not as 
perfect as in the Finley pool, an ineffectual permeation of oil through- 
out the whole series occurs, which is unfortunate as it is responsible 
for extensive areas in which the reservoir capacity is too small and, 
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therefore, the accumulation of oil too meager, for commercial produc- 
tion. Because of this, millions of barrels of oil are in such small reser- 
voirs that only under extreme economic circumstances can this oil be 
removed profitably from the ground. 

There are two apparent methods by means of which oil could have 
accumulated in the Granite wash: (1) by migration from the black 
shales in the Anadarko basin into which the Granite wash appears 
te grade, or (2) by the migration of oil into the Granite wash series, 
upward along the west end of the Lefors granite ridge which marks 
the eastern boundary of the Finley pool, and into the overlapping 
terraced beds. Undoubtedly, the migration of oil into many of the 
Granite wash pools can be accounted for partly by the latter method. 

The Bowers pool is the second most prolific Granite wash area in 
Gray County and, in fact, in the Panhandle. It is about 2 miles south- 
west of the Finley pool and on the west side and west terrace of the 
Lefors saddle. The structural construction of the pool is similar to the 
Finley pool in that it is part of the same depositional series and sepa- 
rated from the latter only by a narrow channel. However, it does dif- 
fer from the Finley pool in that it lies at the gently dipping end of a 
granite ridge and, therefore, is more distant from the source of the 
deposits. This originally resulted in the deposition of a considerable 
amount of red shale accompanying the Granite wash. By comparison, 
the Granite wash of the Finley pool, which lies at the foot of a granite 
cliff, was formed by the deposition of coarse fragments of granite dé- 
bris and smaller quantities of shale. In spite of this, however, there 
are some very productive wells and many profitable leases in the 
Bowers pool. One of the most productive wells in the Panhandle oil 
field is in the heart of the Bowers pool (Phillips’ Joe Dan 7). 

In general, these descriptions of the Bowers and Finley pools can 
be applied to all of the Granite wash pools in Gray County, and 
whether they are located on a terrace or along the gently dipping slope 
of the Granite ridge, the type of reservoir is the same. The only varia- 
ble is the degree of interdeposition of shales and wash as effected by 
the degree of sorting of the sea waters. These are the important factors 
which determine the ultimate size and recovery per acre of the pool or 
lease. 

“‘D zone.”—The “D zone”’ which underlies the ““C zone” and over- 
lies the “E zone,”’ is not well developed in Gray County. In fact, by 
referring to the subsurface geologic map for Gray County (Fig. 6) it 
will be seen that the “‘outcrop” of the formation tends to pinch out, 
entirely, 2 miles east of the west line of Gray County. At this place, 
the “D zone” is entirely dolomitic arkose. However, about 6 miles 
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southeast (3 miles south of Pampa), the ““D zone” wedges in, but here 
it has the lithologic character of arkosic limestone. The outcrop con- 
tinues to widen during the next 6 miles, to a width of almost 2 miles 
(4 miles west of Lefors). The gradual thickening of the ““D zone”’ in 
this area is a result of the presence of the Lefors saddle in which the 
“D zone” has been extensively deposited. There is also a good repre- 
sentation of the ““D zone”’ north of this saddle where the arkosic lime- 
stone has been deposited on the flanks of the northwest end of the 
Lefors ridge. Three miles southeast, and north of the town of Lefors, 
the strip of “D zone” wedges out again and finally disappears, reap- 
pearing in western Wheeler County, a distance of 30 miles. 

An extensive strip of dolomitic arkose encircles the west edge of 
the Lefors basin extending eastward along the southern margin for 
almost half the length of the basin. Although several wells have en- 
countered the “D zone”’ in this area, drilling has not been sufficient 
to define the areal extent of the formation as accurately as has been 
done in the rest of the county. 

The “D zone,” which is deposited on the Lefors saddle, is not typi- 
cal. It is mostly limestone with a few grains of gray arkose scattered 
throughout. The entire thickness is small, averaging not more than 
100 feet in the sections examined. The ‘“‘zone”’ decreases in thickness 
in the direction of the wedging-out of the formations, as shown on the 
map. The cementing material of the upper 10-40 feet is ordinarily 
dolomite or calcareous dolomite, but streaks of limestone intertinger 
into the dolomite near the top of the “zone.” The remaining part is 
massive limestone peppered throughout with gray arkose grains. 
There is a 5-10 foot streak of gray arkose about 20 feet from the top 
of the “zone,” but even this bed is not free from the cementing effect 
of the dolomite and white limestone, which reduces the porosity con- 
siderably and results in an uncertainty of production within the short 
distance of one location. Generally, the ‘“‘D zone,” here as elsewhere, 
is largely a chemical precipitate including fragments of gray arkose 
scattered throughout. The same general chemical and lithologic char- 
acteristics mark the east part of the ““D zone” wedge which is also a 
very uncertain producer. 

The “D zone”’ extends southward across the Lefors saddle into the 
Lefors basin. On top of the saddle, the ““D zone” is too elevated to be 
represented on the map. However, a small area, on the south dip of 
the saddle and north of the fault, is recognized and is part of the ex- 
tensive strip of “D zone” dolomite rounding the western slope of the 
Lefors basin, where it has been cut off by the fault. The “zone” thins 
to 40-60 feet and contains more arkose (Fig. 6). Almost the entire 
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formation is composed of dolomite cementing the arkose. But in some 
places, the lower 10-20 feet are massive limestone. No part of the 
Lefors ““D zone” dolomite has proved of much value, commercially. 

Wherever the “D zone’”’ is productive in Gray County, it forms 
only a part of the producing beds in any well. Inasmuch as the thick- 
ness of formations intercepting the oil zone is greater than the few 
feet of the ““D zone,” there are ordinarily included in the producing 
zone the porous parts of the immediately adjacent overlying and un- 
derlying zones. For this reason, there are practically no pools in Gray 
County which produce entirely from the “D zone.”” The Combs-Wor- 
ley pool is a good example of this; there are many wells producing 
from the upper beds of the “‘E zone,” across the ““D zone” and into 
the lower part of the “C zone.” : 

“C zone.’’—The “C zone” overlies the “D zone” in those areas 
which are not structurally too high on the flank of the Granite ridge 
for it to be present. The ‘‘C zone’”’ is absent near the apex of the ridge. 
This is either because of erosion or because it never was deposited. In 
areas where the “‘D zone” is absent, the “‘C zone” lies directly upon 
the red Granite wash. This is particularly true of the area in the west- 
ern part of the county south of the Pampa pool and is apparent where 
the upper Granite wash is in contact with the base of the ‘“‘C zone.” 
However, north of the contact and continuing basinward, the “D 
zone” wedges in so that it separates the “C zone” from the Granite 
wash. 

The “C? subzone” (white dolomite) is confined to a small area. 
Aside from the meager patch in the western part of the county, there 
is no other place in Gray County where it is close enough to sea-level 
to appear on the map. In the eastern half of the county it is entirely 
absent as far north as the limits of the producing area; the ‘‘C* sub- 
zone”’ overlies the “‘D zone,’ instead, and in places even the “E zone.” 

The “C? subzone” is not very thick in western Gray County, 
where it approaches within 100 feet of sea-level as shown on the map. 
It thins slightly toward the south where it laps onto the Granite 
ridge. The presence of the Pampa nose, a large gently plunging anti- 
clinal structure in the northwest part of the county (Fig. 5), flattens 
the dip greatly, thus accounting for the widening of the “‘C”” strip as 
it approaches the Carson County line. 

The producing formations of the Pampa and Webb pools, in west- 
ern and eastern Gray County, respectively, are approximately at 
equal elevations, yet, these formations are not correlative. As will be 
shown, later, the upper “Big lime” section in eastern Gray County 
is either poorly developed, or eroded, as a result of the elevation of 
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the ridge during the “Big lime” time. Because of this elevation, the 
east member of the Granite ridge must have been emergent from the 
seas during much of the time between the deposition of the Granite 
wash and the “C! subzone”’ dolomite. The intermediate formations 
(“C?” and “D”’) were deposited lower off the flank of the ridge and, 
therefore, to reach the same part of the “‘C* subzone”’ in eastern Gray 
County which produces in the Pampa pool, it would be necessary to 
drill a well several miles north, or basinward, of the producing area. 
Disappearance of the “C? subzone’” and “D zone” is increasingly 
apparent to the east of the Pampa pool, along the entire north flank of 
the ridge, even extending into Wheeler County. The fact that the 
““C? subzone” wedges out along the strike but thickens basinward, or 
downdip, is one of the important proofs that the ridge has been tilted 
downward to the east. The depression of the land mass in the eastern 
part of the Panhandle was sufficient to carry the updip edge of the 
“‘C? subzone”’ below sea-level and therefore the formations do not ap- 
pear on the map. 

The only area producing from the ‘‘C? subzone”’ in Gray County is 
the west Pampa pool but because of the generally poor development 
of the formation in this area, it is not very productive. Nevertheless, 
many very productive wells have been drilled in the strip of “C? sub- 
zone” adjoining the “‘C' subzone” (Fig. 6). In this strip, which is 
about } mile wide, the “C' subzone” is low enough, structurally, to 
cut across the oil zone. The wells within this strip, therefore, are pro- 
ducing both “C’” and ‘“‘C? subzones” which accounts for the greater 
productivity over those wells on the south which are producing from 
the ‘‘C? subzone”’ only. In the same way, throughout the Panhandle, 
wells located on either side of the contact between any two producing 
zones usually produce from both zones. Many of these wells would not 
be commercial were they to produce from only one of the formations. 

Lithologically, the producing part of the “‘C? subzone”’ is white to 
light buff medium-grained crinoidal dolomite. A more complete de- 
scription is given under the “‘C? subzone”’ of Moore-Watkins pool of 
Carson County. 

The “C' subzone”’ normally overlies the ““C? subzone”’ and is very 
important in Gray County, attaining, in places, the greatest develop- 
ment for this “zone” in the Panhandle. Such high development is 
especially apparent in the western part of the county. Figure 6 shows 
the great extent of the “C’” production which borders the entire 
length of the Anadarko basin in Gray County. The “‘C! subzone’”’ is 
cut out only along the last 2 miles of this stretch in the eastern part 
of the county, and there the “B zone” directly overlies the “‘E zone.” 
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Lithologically the “C* subzone”’ in western Gray County is uni- 
form in most of the oil-producing area, generally consisting of buff 
fine to sub-medium crystalline sugary dolomite, 75-100 feet in thick- 
ness. In this section there is ordinarily a bed of odlites ranging from 
o to more than 50 feet in thickness, varying in different parts of the 
county. Regardless of the part of the “C' subzone’’ in which the 
odlitic beds occur, they are present in most places as one thick con- 
tinuous formation. 

In the West Pampa pool, this odlitic dolomite section is very well 
developed and probably represents the best section in the Panhandle, 
as it is not only thicker but ordinarily contains more odlites, which 
are incompletely cemented. This condition changes toward the east 
or southeast following the strike of the formation, where the cementa- 
tion of the odlites by anhydrite completely fills the pore spaces. How- 
ever, this cemented condition is not consistent and, therefore, locally, 
these beds are very porous. The West Pampa pool is very rarely af- 
fected by the increase of cementing material, because the anhydrite 
does not destroy the porosity on a large scale until the eastern edge 
of the West Pampa pool, south of the town of Pampa, has been reached. 
The change in the quantity of odlites is, by far, a more important 
factor in the reduction of porosity in the West Pampa pool then i is the 
cementation by anhydrite. 

The South Pampa pool is subject to extreme cementation of the 
odlites by anhydrite and dolomite, and this accounts for the few wells 
drilled in this area and the poor showing made by them. Offsetting 
the effect of the anhydrite, the porosity is increased in many places 
in the “C!”’ dolomite, as a result of dolomitization of the limestone 
from which it was altered. This results in an increase of as much as 12 
per cent in the pore space, where dolomitization is complete. Solution 
cavities are present in varying amounts, which combine with the pore 
spaces produced by dolomitization to develop considerable porosity. 
Although it is uncommon for the combined porosities to exceed that 
of a perfectly odlitic dolomite, this does occur in the Panhandle in one 
or two places (see Borger pool, Hutchinson County). 

In central Gray County, the “‘C””’ dolomite gradually becomes less 
regularly odlitic. Cavities compose increasingly larger volumes of the 
oil reservoirs, replacing the pore spaces formed by the odlites. The few 
odlites present are commonly cemented by dolomite having a compo- 
sition similar to that of the odlites. The Saunders and the Short pools 
are both affected by these changes, although the former, particularly 
on the north side, is composed of a much more odlitic dolomite than 
the latter. However, although local areas might prove to be porous, 
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both of these pools, as well as those extending southeast along the 
ridge as far as the Wheeler County line, are variable with regard to 
porosity. In the extreme eastern part of the county (Webb and Morse 
pools), the ‘‘C’”’ section is very poorly developed. In several places 
in these pools, the dolomite contains varying amounts of gray arkose, 
insufficient, however, to increase the porosity of the dolomite, which 
is a medium- to fine-grained brown sugary mineral with small solu- 
tion and recrystallization cavities. The formation, as indicated on the 
geologic map, pinches out completely within a short distance from the 
Wheeler County line. 

“B zone.”’—The “B zone” is the most constant formation of any of 
those already discussed, including the Granite wash, for the ““B zone”’ 
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not only overlaps almost the entire buried mountains, but it extends 
over areas of the Panhandle far removed from them. The almost 
es: Sm complete submergence of the Granite ridge beneath the waters of the 
s Permian salt basin by the beginning of the “B zone’”’ time is responsi- 
ble for this great areal distribution. 
The lithologic character of the ““B zone” is as regular and consist- 
q ent as it is extensive. Normally, it is divided into two parts: the 
a lower is dolomite and the upper, anhydrite. It is generally represented 
i in the whole Panhandle region by brown granular impure shaly dolo- 
mite, which is very dense except in a few places, for example, the 
Morse and Webb pools in the extreme eastern part of Gray County. 
In these pools, the ““B zone” dolomite consists of fine granular sugary 
porous dolomite, the porosity in some places being exceptionally great 
(Fig. 9). 
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The thickness of this ‘‘zone’”’ is also constant; almost everywhere 
it approximates 150 feet. The upper 80 feet are interbedded brown 
shaly dolomite with streaks of gray shales and drab anhydrite. The 
top of the “B zone” is ordinarily marked by the occurrence of a brown 
fine impure granular dolomite bed, 10-30 feet thick. Beneath this is a 
section of gray shale and anhydrite varying from 30 to 50 feet in 
thickness. In eastern Gray County, the top of this anhydrite forma- 
tion is noted by the presence of milky chert, nodules of which occur 
in varying amounts to the base of the “zone.” In this area, also, the 
lowest part of the “zone” consists of 70 feet of massive fine-grained 
dense granular dolomite, the lowermost 40 feet being porous in vary- 
ing degrees. In some places, the porosity is comparatively high, result- 
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ing in the development of some fairly productive leases. Elsewhere in 
the county, the lower 70 feet is brown granular dolomite containing 
streaks of carbonaceous materials, and is too dense to contain oil. 


CARSON COUNTY 
STRUCTURAL GEOLOGY 


The buried Amarillo mountain system trends across the north 
half of Carson County in a northwesterly direction, almost the entire 
west member of the main Granite ridge in this part of the county 
(Fig. 5). An important member of the ridge is the 6666 dome, one of 
the earliest recognized, structures and one of the few which can be 
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Fic. 11.—Subsurface geologic map of Carson County, Texas. Formations indicated are those occurring approximately 
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mapped on the surface. The top of the ridge appears to be compara- 
tively level although several steep-sided granite peaks which may 
represent ancient buried monadnocks have been found. 

The north flank of the ridge dips at the rate of about 100 feet to 
the mile into the Anadarko basin. The south side is bounded by the 
Carson County fault, which has a throw of about 5co feet on the top 
of the “Big lime” at a point midway along the fault. The latter is a 
scissors fault dying out at the eastern end. The geology in the vicinity 
of the west end is very vague, because there are practically no well 
cuttings available. 

The southwest part of the county is occupied by the Carson Coun- 
ty basin which has as its eastern margin the flank of a southwest- 
plunging nose of great size. This originates from the south flank of 
the main Granite ridge and is part of the well developed system of 
cross-folding. 

STRATIGRAPHY 

All of the “zones” and “subzones”’ are presert and productive in 
Carson County with one exception. The “B zone,” although present, 
is not productive. None of the formations is outstanding with regard 
to either productivity or areal extent. The “‘C' subzone”’ is, by far, 
the best producer, but although well developed, it is not widespread. 

On the subsurface geologic map of Carson County (Fig. 11), the 
producing ‘‘zones” form a series of parallel bands of varying width, 
cutting across the northeast corner of the county. They are narrow 
because of the comparatively steep dip of the beds; however, the dip 
begins to decrease, northwesterly, near Hutchinson County,and causes 
the bands to fan into widening ‘‘outcrops.”’ Another series of parallel 
“zones” follows the contours of the Carson County basin south of the 
Granite ridge. Between these two parallel sets of outcrop bands, there 
lies an extensive body of Granite wash about 1o miles in width and 
extending the length of the county. 

E zone.””—The “E zone”’ is represented commercially in the east- 
ern half of the county by small production in the “‘E' subzone,” and 
by the production in the “‘E? subzone” in the western half. 

The “E! subzone” occurs in the northeast part of Carson County 
as a narrow wavy strip, ? mile in width, trending northwesterly. The 
upper 30 feet is light gray and difficultly distinguishable from the over- 
lying “‘D zone” gray arkose. However, a careful comparison under the 
microscope will disclose a very slight but definite pinkish tinge char- 
acteristic of the “‘E! subzone” Granite wash which is absent in the 
overlying arkose. The remainder of the “E! subzone’”’ is composed of 
a very coarse pink Granite wash. 
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About 50 feet below the top of the “E zone,” the wash becomes 
slightly calcareous, vertically downward and horizontally westward. 
The carbonate occurs in the formation as soft white earthy material, 
more commonly acting as a cement rather than a bedded formation. 
Generally, the carbonate is present in such small quantities that the 
effect on the porosity of the Carson County Granite wash series is 
negligible. This is only true of the formations located on the north 
flank of the ridge above the oil-gas contact. The part of the Granite 
wash deposits cemented by carbonate wedges out just south of the 
“E!-E*” contact; the cemented wash thickens basinward. Although 
the calcium carbonate becomes noticeable at the “E! subzone out- 
crops,” quantitatively it is not important except with depth. For these 
reasons, and because the beds dip sharply northward, the cementing 
effect of the carbonate, in the formations which appear at or above 
the oil-gas contact, is not great. 

Westward along the strike of the “E' subzone” (continuing into 
Hutchinson County) the carbonate cement begins to rise in the sec- 
tion, so that near the northeast corner of Block 5, the carbonate is 
high in the section, decreasing in amount with depth. In the Burnett 
pool, this condition is even more noticeable, the upper part of the 
“E zone’’ being much more cemented than the lower. 

The Burnett and Noel-Schafer pools are the two best representa- 
tive pools of the Granite wash in Carson County, the former for its 
areal extent, the latter for its productivity. The Burnett pool is the 
oldest oil pool in the Panhandle, having been opened in 1920 and 
causing the first Panhandle oil boom. However, subsequent drilling 
did not bring additional discoveries until several years later and the 
excitement subsided. The poor productivity of the leases can be ap- 
preciated by the fact that although the pool includes more than 4,000 
acres, only 80 wells have been drilled. 

The Noel-Schafer pool (Fig. 12) is productive but the whole area 
includes little more than one full section. Obviously, the Granite 
wash is not a very important formation in Carson County. 

An interesting Granite wash oil trend lies south of the Granite 
ridge and may eventually be developed into a series of small oil pools 
(Figs. 5 and 23). Lying along the upthrown side of the Carson County 
fault, this trend is recognized by the existence of the Fields pool (Fig. 
13), which is the discovery pool midway along the fault. There is also 
the recently completed oil well at the extreme eastern end of the fault 
(Northern Natural’s Dauer 1). These are the only two occurrences of 
oil south of the Granite ridge which have given any encouragement in 
Carson County. These two areas are surely unique, apparently being 
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regulated by different conditions than on the north side. Most out- 
standing of these is the occurrence of oil 200 feet above sea-level which 
is exceptionally high for wells in the Panhandle. This trend has possi- 
bilities of future discoveries although they are not very great. 
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“D zone.”—Although the “D zone” is not important as an oil 
producer, one of the outstanding trends of the entire “zone” in the 
Panhandle is located in the northeast corner of this county. The “D 
zone” zig-zags across the northeastern part of the county, paralleling 
the outcrop of the “‘E! subzone.” The average width is about } mile 
throughout the 1o-mile strip, although in Section 115, Block 4, just 
before crossing into Hutchinson County, the strip widens. : 

The thickness of the ‘““D zone” in the eastern 7 miles is about 50 
feet, the upper 30 feet of which are largely fine buff granular dolomite 
peppered throughout with fragments of gray arkose. The lower 20 
feet are composed largely of coarse gray arkose only slightly cemented 
by dolomite. The occurrence of unconsolidated arkose is not constant 
or widespread and for this reason the pool presents a more or less un- 
even porosity along the path of the “D zone.’’ Continuing northeast 
along the strike from the Roxana pool at Skellytown, there is a de- 
crease in porosity with an attendant general diminution in the quan- 
tity of arkose in the formations. Finally, as the Hutchinson County 
line is approached, the “‘zone’’ becomes almost free of clastic material. 

An extensive strip of “D zone” is recognized south of both the 
ridge and the Carson County fault (Fig. 11), bordering the northern 
margin of the Panhandle basin. The extent of its development is 
largely conjectural because geological control is dependent on a couple 
of wells only. It is assumed, however, that the “D zone”’ is thicker, 
here, than in northeast Carson County. The zone is represented by 
limestone and thick shale deposits in the lower two-thirds, and by 
dolomite in the remaining upper one-third. The deposits are very 
shaly in the lower part consisting of gray fine flaky shale, rich in fos- 
sils. 

The Noel-Schafer (Fig. 12) pool in the extreme eastern part of the 
county is the best “D zone” pool, although it is very small, areally. 
The arkose is largely uncemented and, therefore, productive. 

“C zone.”’—The “C zone” “crops out” in an undulating band 
across the northeastern corner of the county, paralleling the ‘‘out- 
crops” of the preceding “zones.’’ Because the direction of its path is 
across the very northeasterly corner of the county, not much of the 
“zone” is present. Its total thickness is about 300 feet, or about the 
same as in western Gray County. However, the subsurface map shows 
a much narrower “outcrop” in Carson County than in the latter 
which is a result of the steeper dip of the formations. 

The “C? subzone” does not differ greatly from that in Gray Coun- 
ty, where it consists of interbedded white and gray coarse, medium 
and fine dolomites. Since the porosity of the formation in Carson 
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County is low, except locally, the productivity is not dependable. 
The top of the ‘‘C? subzone”’ is recognized by the appearance of gray 
medium-grained pearly dolomite about 20 feet thick and go feet be- 
low the top of the “‘C zone.” Immediately underlying this formation is 
very light buff crinoidal dolomite which may be present in the form of 
crinoidal breccia, having a thickness varying from 20 to 40 feet. It 
ordinarily represents the lower dolomite pay, for this part of the Pan- 
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handle (including northwest Gray County). In most places, the cri- 
noidal fragments are cemented by light buff medium-grained pearly 
dolomite; therefore, only when the cementation is poor, is the value of 
this pay great. Some very valuable oil wells are producing from the 
formation. 

The remainder of the “C? subzone” section is unimportant be- 
cause of the density of the dolomite, although it grades vertically 
downward into coarse white dolomite, which is very porous in its type 
section (Borger pool). 

The “C! subzone” is typical for the Panhandle and is identical 
with that in Gray County. The Moore-Watkins (Fig. 14) pool is the 
only Carson County representative. The “C! subzone” is between 
75 and go feet thick, and very well developed, possessing a good sec- 
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tion of loose odlites in the entire trend. It represents one of the best 
“Cl” areas in the Panhandle. The “outcrop” as shown on the map 
is much narrower in this county than in Gray County because of the 
increased steepness of dip, but there is a widening just as it crosses 
northward into Hutchinson County. 

There is an extensive representation of the “C! subzone”’ south 
of the ridge in this county. In fact, the entire Panhandle basin is en- 
circled by a wide band of this dolomite. The exploratory drilling has 
been too insignificant to aid in determining the value of the “‘C' sub- 
zone” in this area. However, in general, the lithologic characteristics 
are the same, even to the occurrence of odlites. The question regarding 
the presence of oil in the Panhandle basin is more closely associated 
with the unsolved problem of whether any oil exists south of the 
Granite ridge. 

HUTCHINSON COUNTY 


STRUCTURAL GEOLOGY 


No part of the axis of the main Granite ridge passes through this 
county, although the southwestern part of the county lies high on the 
flank of the Amarillo Mountains. The axis passes just south of the 
southwest corner. The influence of the Amarillo Mountains has not 
complicated the structural geology by developing many irregularities, 
as in other counties (Fig. 5). In fact, the strata are only slightly dis- 
turbed, thereby having gentle dips and widening contours. The gen- 
eral change in direction of the contours is from the northwest to the 
north, and it is obvious that almost the entire western part of Hutch- 
inson County forms a smooth margin for the south rim of the Ana- 
darko basin. 

The main structural features are the broad Plemons nose and the 
Pantex dome, both of which appear to be part of the same trend; that 
is, they both lie along the axis of the same cross fold. The Plemons 
nose is one of the most widely recognized structures in the Panhandle. 
Were it not for the result of the tilting of the oil-water contact surface, 
the largest oil pool in the whole field would occur on the structure, and 
it would contain acreage equal in amount to the present productive 
part of the entire Hutchinson County. 


STRATIGRAPHY 


All of the zones are represented, and, as usual, only the ““B zone” 
is non-productive. The Granite wash is not important commercially 
because of its cementation by calcium carbonate. Hutchinson County 
is definitely a “C zone” county inasmuch as both the “subzones” 
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possess high average recoveries per acre. Not only is the volume of oil 
in the formation great, but the areal extent is wide. 

There is an important dual phase to the lithologic character of the 
lower “Big lime” and upper Granite wash series in Hutchinson 
County. It is represented in the variation from the normal lithologic 
character (dolomite and Granite wash) which is typical of the east 
Panhandle, to that of the calcareous characteristic of the west Pan- 
handle. The change from the normal to the calcareous phase is com- 
paratively abrupt (see Hutchinson County, Fig. 15) in the western 
third of the county. It is significant that the strike of the limestone- 
dolomite contact does not follow that of the contours. Instead, it cuts 
across the strike of the beds in a more northerly direction than the 
latter until it is within 5 miles of the Hansford County line, where it 
abruptly turns westward and passes into Moore County. Every 
formation west of the limestone-dolomite line from the lower “C? 
subzone”’ to a depth far below sea-level, is either limestone or a very 
calcareous phase of that particular formation. 

“E zone.” The “E zone” which covers the southwest corner of 
the county is represented, generally, by massive limestone. Excep- 
tions to this are the areas of: (1) the four sections of land in the 
extreme southwest part of the county, which consist only of Granite 
wash and red shales, and (2) the four sections of the Pantex pool 
which consist of calcareous Granite wash. 

In the southern part of the limestone area a few tongues of wash 
are interfingered with the limestone. In this area, the top of the 
“E zone” is usually recognized by the first appearance of massive 
red shale, which commonly includes varying quantities of Granite 
wash. The thickness of the shale depends on its proximity to the ridge, 
becoming thinner as the distance from the ridge increases. Simul- 
taneously, the shale descends stratigraphically in the section, even- 
tually disappearing, as it interfingers with thickening beds of 
limestone. The base of the ‘‘D zone’’ limestone grades vertically down- 
ward, without any noticeable interruption, intu the upper part of the 
“E zone”’ limestone and overlies the red shale in areas which are far 
enough removed from the ridge, where the shale drops below the top 
of the “E zone.” As a result of these conditions, the limestone section 
increases in thickness basinward and the determination of the top 
of the ‘‘E zone” becomes correspondingly more difficult. 

It is impossible to give any figures regarding the thickness of the 
“*E zone,” because the complete section has not been definitely pene- 
trated, except in one well (Phillips’ Elva 12) 2 miles north of the town 
of Borger in the southern part of the county. Here, the full section of 
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Fic. 15.—Subsurface geologic map of Hutchinson County, Texas. Formations indicated are those occurring approximately 
at sea-level. See Figure 7 for legend. Revised from colored insert map by Henry Rogatz, included in Oil ak Vol. 92, 


No. 4 (January, 1939). 
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Granite wash is 820 feet. Furthermore, an unconformity of consider- 
able extent separates the Granite wash from the overlying beds, the 
latter becoming younger as the crest of the ridge is approached. In 
fact, there are a few localities in the Panhandle where the Permian 
Red-beds (which immediately overlie the “‘A zone’’) rest on the “E 
zone.”’ However, in Hutchinson County, the youngest formations 
overlying the Granite wash belong to the upper “‘D zone.” 

The change from the clean Granite wash to the massive limestone 
occurs in a very short distance of a mile or so. In the intervening mile, 
the “‘E zone” consists of interfingered Granite wash and limestone. 
Because of the comparative abruptness of this change and because of 
the difficulty of picking a satisfactory marker between the “E’” and 
‘*E? subzones”’ in the limestone section, the “‘E zone”’ section has been 
considered as a whole in areas where it is represented as a limestone. 

The Pantex pool represents the only Granite wash production in 
the county and produces entirely from that formation. The producing 
bed is 10-20 feet of clean gray arkose which resembles that of the 
“TD zone.” Since this formation lies at least 200 feet below the top of 
the “‘E zone,” it seems inconsistent that this formation should be of 
“D zone” origin. However, after considering the method of deposition 
of the “D zone” arkose, the occurrence of a stray bed is not so in- 
conceivable.’ The “D zone” arkose is a detritus which originated in 
the Wichita Mountains and was carried northwest along the shore of 
the Anadarko basin. It is quite possible that exceptional seasonal 
conditions resulted in the accumulation of thick deposits of this 
material. 

“D zone.”’—The “D zone” attains its best development in this 
county, its section being typical in the Borger pool (Fig. 15). Like the 
other ‘‘zones,”’ the “D zone outcrop” widens considerably on entering 
Hutchinson County, as a result of the flattening of the dipping forma- 
tions. The “‘outcrop”’ narrows slightly just west of the Borger pool 
but as its distance from the pool increases, the “outcrop” widens to 
a still greater width, reaching an average of 5 miles along the central 
part of the Moore County line. 

In the Borger pool, the lithologic character of the ‘““D zone”’ is 
similar to that of the overlying “‘C zone”’ from which it grades verti- 
cally, the only distinguishing feature being the presence of arkose (Fig. 
16). The quantity of arkose which may occur ranges from a mere 
trace to 100 per cent although the latter is very uncommon in the 
immediate Borger area. There is normally a 20-foot bed, the top of 
which contains about 10 per cent arkose and which increases in the 

7 Henry Rogatz, “Geology of Texas Panhandle Oil and Gas Field,” op. cit., p.1094. 
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underlying 20 feet to about 25 per cent. The subjacent beds contain 
similarly small amounts. The presence of the arkose in the Borger 
pool does not seem to have added to the porosity of the dolomite, 
which under the microscope appears to be non-porous. As a result, 
on the subsurface geologic map, the ‘‘D zone”’ is seen to include only 
the edge leases in this pool and the “‘C*-D” contact follows the 
general trend of the denser well spacing. 

Westward, the percentage of arkose increases considerably, both 
vertically and horizontally, reaching almost 100 per cent within a 
very short distance. Only one or two miles separate the areas of high 
arkose deposition from those of low. In Section 26, Block Y (on the 
east flank of the Pantex dome), the entire 300 feet of the ““D zone,” 
except 50 feet near the top, are composed largely of gray arkose, 
cemented to some degree by dolomite in the upper half and by calcium 
carbonate or limestone in the lower half. The cementing material 
of the arkose becomes a limestone or carbonate in this area. The eleva- 
tion of this carbonate cement is higher in this locality than on the 
east, having graded upward from the dolomite. The limestone-dolo- 
mite contact ascends rapidly in the section westward until high in the 
“C zone.” This gradation is illustrated in Figure 4 of the earlier paper, 
“Geology of Texas Panhandle Oil and Gas Field.”’® It will be noticed 
that the limestone-dolomite contact rises rather rapidly in the section. 
The arkose is still present throughout the entire ““D zone’’ limestone 
as far west as the Merchant pool, beyond which it seems to disappear 
from the section fairly rapidly. The amount present is not great, 
although in many places it is equal to that found in the Borger pool 
series. The general effect of the gradation of the dolomite into lime- 
stone is to decrease the already low porosity. 

Extending beyond the Merchant pool and trending northwesterly 
along the strike, the ““D zone’’ becomes a limestone section, including 
a few gray shale streaks. Much detrital limestone is scattered through- 
out the “D zone”’ limestone section west of here and expanding into 
Moore County. The individual fragments resemble very small nodules 
and are composed of very fine dense brown crystalline limestone. The 
quantity varies from a few scattered grains to almost a bed. Their 
first appearance coincides with that of the gray caving shale and 
together they mark the top of the “‘D zone.” The shale is of the heav- 
ing variety and is less than 5 feet thick. It commonly underlies, 
directly, a very fossiliferous cherty limestone containing ostracods, 
fusulines, and fragments of shells (broken by the drill). This lime- 
stone marks the base of the “‘C zone” in western Hutchinson County. 

8 Henry Rogatz, op. cit.,.p. 1100. 
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The “D zone”’ is 300 feet thick and consists, primarily, of buff and 
white very fine limestone that varies in character from hard and dense 
to soft and “‘rotten.”’ Interbedded, there are streaks of gray calcareous 
and heaving shales and beds of detrital limestone and arkose. In 
places, thin streaks of red shale are present. In western Hutchinson 
County, the “‘D zone”’ is a very poor oil reservoir and only a scattering 
of pools is found within its borders. These pools are siaall and some of 
them even consist of a single isolated well. 

The lithologic character of the producing formations of the im- 
portant “D zone” pools (Sanford-Merchant and Yake pools) is un- 
certain. The oil is probably coming from a calcareous arkose which 
may extend over an area wide enough to include both the Merchant- 
Sanford and Yake pools. However, there has not been sufficient drill- 
ing to show whether the production will be spotty. Although the 
thickness of the pay formation is only about 20 feet, some very prof- 
itable wells have produced from it. 

“C sone.”—The “C zone” is well represented in Hutchinson 
County by the normal 300-foot dolomite section where it is as im- 
portant as in Carson and Gray counties. On the geologic map, the 
“subzone C”’ forms a strip 1} miles wide in southeast Hutchinson 
County. Northwestward, it widens slowly, but at the east edge of the 
Borger pool it is 6 miles in width increasing to 10 miles at the center 
of the pool (including the Dial pool). Continuing northwestward, the 
strip of “C? subzone” narrows to about 3 miles and, before reaching 
the west border of the county, the “outcrop” on the geologic map ex- 
pands abruptly to a width of 15 miles along the north half of the 
western Hutchinson County line. The change in the dip is responsible 
for these variations in the width of the “C? subzone” and, although 
the contours do not outline the limits of the various zonal bands 
exactly, they do control their general trend and width. 

The general character of the “‘C zone”’ is the same throughout the 
Panhandle except for a few important changes in this county, mainly 
in the “C? subzone.”’ These changes are: (1) an increase in the amount 
of chert and (2) the gradations of the dolomite into limestone. The 
increase of the chert in the ‘‘C zone”’ has generally decreased the per- 
centage of porosity, and as a result, the prospective production in ex- 
tensive areas has been considerably reduced. The dolomitization of the 
limestone increased the porosity of the original limestone, even though 
the increase in some places was small. Therefore, the limits of the 
limestone, as outlined on the map by the path of the limestone-dolo- 
mite contact, is very important. Starting immediately northwest of 
Borger, the contact cuts across the county in a more northerly 
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direction than do the contours. The contact extends almost due north- 
south in this area. The change from the dolomite area to that of the 
limestone produces a contact which is comparatively sharp, the 
change occurring within the short distance of two or three locations. 
The reason for this abrupt change and the explanation for the lack 
of coincidence between the direction of the contours and the lime- 
stone-dolomite contact is not clear. There may have been some rela- 
tion between the dolomitization of the limestone and the original 
position of the oil-water contact as it existed before tilting. It should 
be noted that the limestone remains unchanged in the deeper parts 
of the Anadarko basin (Moore and western Hutchinson counties) and 
was altered to these thick dolomite formations only on the more 
elevated parts of the ridge. 

The generalized stratigraphic section for the central part of 
Hutchinson County is the most satisfactory for the purpose of de- 
scribing the zonal changes in Hutchinson County. It is compared with 
the section in other parts of the county. The type section of central 
Hutchinson County is outlined here. 


Feet 
“C ZonrE”’ (300 feet) 
“C! subzone”’ 75 
“C2subzone” - 225 
Upper dolomite 65 
Buff and gray medium dolomite 
with spicular chert 60 
Gray, fine, heaving shale (upper) 2-5 
Middle dolomite 60 
Brown, fine, dense, earthy dolomite 10 
Medium-coarse, white dolomite 20 
Gray, fine, heaving shale (lower) 2-5 
Medium to coarse white dolomite 25 
Lower dolomite 100 


Coarse, white, pearly dolomite 


The top of the “C? subzone”’ dolomite (upper dolomite) is distin- 
guished from the overlying 75 feet of ‘‘C' subzone’’ dolomite by the 
change in texture and color from light buff, sub-medium, sucrose dolo- 
mite to gray and white, medium and coarse, pearly dolomite. In the 
southeast part of the county, the upper ‘‘C* zone”’ contains abundant 
fragments of crinoid stems and it is the equivalent of the productive 
crinoidal dolomite of Gray and Carson counties (see Carson County, 
“C? subzone’’). This dolomite is the productive part of the white 
dolomite in this part of the Panhandle (southeast Hutchinson 
County). 

In southeast Hutchinson County, the lithologic character is com- 
paratively monotonous, being white and gray dolomite with streaks 
of buff, and having a texture ranging from fine to very coarse. The 
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only breaks in the continuity of the section are two gray heaving shale 
beds. The porosity of the dolomite is ordinarily slight in the upper 
part but may vary considerably between wells. A few good wells are 
producing from this upper ‘“‘C* subzone”’. 

In the normal section (see tabulation), abundant chert nodules are 
included in the normal section of the upper 60-foot section of “C?” 
dolomite (upper dolomite). However, in southeast Hutchinson 
County, the chert is absent in the upper 50 feet and a negligible per- 
centage is present in the remaining lower 10 feet, whereas, continuing 
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northward, the chert increases slightly both in percentage and thick- 
ness. About 4 miles south of the town of Plemons, the chert-bearing 
dolomite is 20 feet thick. Westward, it thickens much more markedly 
and within a very few miles, at the central part of the Dial pool, the 
maximum thickness of about 60 feet is attained. In the western part 
of the county, the chert marks the top of the “‘C* subzone,”” where the 
full thickness is present. 

West of the center of the Dial pool, the upper dolomite is com- 
posed of alternating buff and gray or white, medium-grained dolomite, 
and contains an abundance of chert nodules, as described, in places 
being almost 80 per cent. These chert-bearing dolomite beds are 
readily recognized by the presence of numerous irregularly arranged 
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chert spicules which occur in both the dolomite and the chert, and to 
which is given the name spicular chert. 

The chert reduces the porosity of the dolomite considerably, re- 
sulting in formations which are particularly barren of oil. In some 
areas (such as west of Stinnett), the upper dolomite formation is 
sufficiently porous to be slightly productive. 

At the base of the upper dolomite is the upper caving or heaving 
shale which is 2-5 feet thick. It is fine, dense, gray, massive shale, 
which swells immediately upon contact with water. If such a condition 
is brought about during the drilling of a well, the shale ‘“‘caves” into 
the hole, impeding drilling operations. This upper dolomite appears 
to represent a transition between the base of the ‘‘C' subzone”’ and 
the top of the middle dolomite. 

The middle dolomite, which underlies the upper shale bed, is 60 
feet thick. It is composed primarily of medium to coarsely crystalline, 
pearly dolomite with intercalated thin beds of buff, fine- to medium- 
grained dolomite. The lower heaving shale is separated from the top 
of the dolomite by 30 feet of dolomite; the upper 10 feet consist of 
brown, fine, dense, earthy dolomite and are underlain by 20 feet of 
white medium to coarse crystalline dolomite. The lower shale is simi- 
lar in appearance to the upper shale, and also swells when brought 
into contact with water. Underlying the shale, there are 25 feet of 
medium to coarse, white, pearly dolomite, which mark the base of the 
middle dolomite. 

The lower dolomite consists of 100 feet of beds lithologically simi- 
lar to the previously described white, coarse, pearly dolomite. Al- 
though ordinarily dense, it is exceptionally porous in the Borger pool, 
where great volumes of oil have been produced from it. The formation 
is best recognized by the name “Borger lime,”’ and was given this 
name in the early days of the Panhandle boom because it was almost 
universally believed to consist of limestone. The producing formation 


- of this pool is not limestone—it consists of some of the most produc- 


tive dolomites of the Panhandle. More than 30 million barrels of oil 
have been recovered from this pay. 

The lower 100 feet of “‘C? subzone” are lithologically variable 
according to the locality. In the southeast part of the county (Moore- 
Watkins trend) it is similar to the previously described 60 feet, that 
is, largely coarse, white, pearly dolomite with interbedded streaks of 
gray and buff sugary dolomite. Northward, the section becomes 
calcareous, which change continues westward, north of the north line 
of Block Y. This lower ‘“‘C? subzone”’ lies east of the limestone-dolo- 
mite contact and therefore below the “C?” and “C! subzones” which 
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are shown on the map. These beds do not rise high enough in the sec- 
tion to appear as “‘outcrops” on the map until immediately west of 
Borger. 

The limestone phase of the lower “‘C zone,” which is present in the 
western part of the county only, is readily divisible into three distinct 
lithologic parts. The upper 20 feet is fine, soft, rotten, white and buff 
crinoida! limestone, in places containing a few fusulines. The middle 
20 feet is brown, fine to sub-medium crystalline, sugary dolomite 
having a peculiar sparkling luster and in most places slightly porous. 
The lower part consists of 60 feet of white and buff rotten limestone 
like the upper 20 feet, and includes a few fusulines and ostracods. A 
noticeable feature accompanying the gradation from dolomite to 
limestone is the variation in amount of chert. In the extreme southeast 
part of the county the amount is either insignificant or only a trace, 
increasing north and northwest, especially along the limestone trend 
as shown on the Hutchinson County map. 

In the Neil Survey of the Carver Subdivision (northwest Hutchin- 
son County), the chert in the lower “C? subzone”’ has almost com- 
pletely replaced the limestone, chemically. So complete is the replace- 
ment that the well cuttings from this formation give practically no 
response to acid. The appearance of the rock does not resemble that 
of the normal chert, previously discussed. The cryptocrystalline struc- 
ture and conchoidal fracture of chert are lacking, and in their place 
is a very hard gray granular material unresponsive to acid. The forma- 
tion has apparently retained the original granular structure of the 
limestone and dolomite from which it was altered. These beds have 
been included in the “‘C zone”’ series to which they are equivalent. 

Generally, in western Hutchinson County, the limestone of the 
lower “‘C* subzone”’ grades vertically into that of the ““D zone,” but 
gray, caving shale containing a considerable amount of detrital lime- 
stone in the shale marks the contact between the “C” and “D 
zones’”’ (see ““D zone’’). The writer has examined a great many samples 
of the limestone and very rarely has found any considerable porosity. 
It is possible that the oil ostensibly produced from this formation may 
come from fractures. The confined areal extent of some limestone pools 
and the manner in which the wells are arranged in a straight line 
tends to support this theory. 

“Subzone C’” is the same lithologically in this county as in Gray 
and Carson counties. It continues throughout the Moore-Watkins 
and Dial pools, although the formations are to become more dense 
northward, where, also, the odlitic structure is less developed. This 
does not imply that there are no areas with good odlitic dolomite. 
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Many localities in the Moore-Watkins and the Stinnett pools do have 
odlites. But, in general, northwestward more of the oil comes from 
cavities in the dolomite resulting from solution or dolomitization. 
Porosity of the latter type is not nearly as productive as that of the 
odlitic dolomite type. The Borger pool is an outstanding exception to 
this statement, however, since in that pool the dolomitization is much 
greater than is characteristic of any odlitic dolomite in the Pan- 
handle, the production being from the Borger ‘“‘C? subzone.” 

Not all the odlites in the “‘C' subzone”’ are in the upper half of the 
75 feet. This is true in the larger part of the county, but in the Stinnett 
pool the odlites occur in the lower part of the “‘subzone.” 

As a general statement, it can be said that the “‘C! subzone”’ is not 
as productive in Hutchinson County as it is in Carson and Gray 
counties. There are two reasons for this: (1) the odlitic and cavernous 
development is inferior in Hutchinson County; (2) the dip of the beds 
is decreased greatly as can be appreciated by glancing at the bands 
widening northwest on the geologic map. This tends to result in a 
lessened concentration of oil, or a corresponding diffusion over a 
greater area. The widening bands are due slightly to a small amount of 
thickening of the “‘C? subzone.” 

““B zone.”’—The “B zone,” as in the other counties, is well de- 
veloped and differs little from that in different areas. In Hutchinson 
County, there is no porosity in the ““B zone dolomite,” and it is there- 
fore non-commercial. 

The “‘zone”’ is divided into three parts as in most other areas: the 
upper 10 feet are brown, fine, dense gnarly dolomite; the middle 50 
feet are largely white or drab anhydrite with very thin streaks of 
brown dolomite; and the lower go feet are brown or dark buff, fine, 
dense gnarly dolomite with scattered nodules of milky chert, and 
interbedded with thin streaks of gray and black carbonaceous shales. 


There are flakes or streaks of carbonaceous material in the dolomite. - 


The carbonaceous material is not present in large quantities except in 
the lower 25 feet. Its appearance is an excellent criterion for indicating 
the proximity of the top of the underlying “C zone.’’ The sudden 
disappearance of the chert and the change of fine, dense dolomite to a 
light buff, sub-medium, sugary variety, and the appearance of crinoid 
fragments conclusively mark the top of the “‘C zone,” immediately 
underlying the “B zone.” 


MOORE COUNTY 


Moore County is not considered an important area in the ultimate 
recovery of oil from the Panhandle at present. An extensive area is 
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Fic. 18.—Subsurface geologic map of Moore County, Texas. Formations indicated are those occurring approximately 
4 sea-level. a 7 for legend. Revised from colored insert map by Henry Rogatz, included in Oil Weekly, Vol. 92, No. 4 
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outlined as prospective (Fig. 23) but the extent of its possibilities is 
too uncertain. A detailed discussion of this area is included in the 
chapter on Unexplored Reserves—Moore County. 

The absence of production, to date, in Moore County is a result of 
both the unfavorable character of the formations and their positions 
with respect to the gas-oil contact. Briefly, it can be stated that the 
dolomite beds, which were such important producers on the east, are 
too high above the gas-oil contact and, therefore, lie in the gas zone. 
In the northern part of the county, the dolomite descends to a point 
where normally it would lie at the proper elevation to intersect the oil 
zone, but the latter pinches out and only the gas-water contact is 
present (Fig. 4). A more favorable condition exists in the prospective 
area in western Moore County. Because this area is located on the 
margin of a separate basin, it is possible that an oil-water or oil-gas 
contact may be present even though it pinches out in the northern 
part of the county. If this condition holds, an extensive oil pool will 
be found as there are sufficient indications for the presence of porous 
dolomite. 

STRUCTURAL GEOLOGY 


There are six structural features in Moore County (Fig. 5). The 
most important development is the Moore-Sherman structural trend 
which forms a ridge-like feature extending from northern Potter 
County north-northwest into southwestern Sherman County. The 
trend includes three important members: the John Ray dome in the 
south, the Dumas nose in northwestern Moore County, and the Strat- 
ford dome, an elongate structure in southwestern Sherman County. 
This structural trend forms the eastern margin of the Dalhart basin 
which lies in western Moore and eastern Hartley counties. The Sunray 
basin extends east and west across the extreme northern part of the 
county. Finally, ia the northeast, there is the Wilson dome which 
appears to be a transverse structural member of the Moore-Sherman 
trend, although the Wilson dome is more or less isolated. 


STRATIGRAPHY 


‘““E zone.”’—The formations of this “zone” occur in ever-widening 
bands extending east and west almost across the county (see Fig. 18). 
Inasmuch as the general structural feature of the sedimentary beds 
is a northwest plunging anticline overlying an extensive plunging 
granite nose, there occurs in the southern part of the county, a large 
deposit of clastic material or Granite wash which rapidly grades 
northward into deposits of limestone. For this reason, as in Hutchin- 
son County, there is the difficulty of making a satisfactory separation 
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between these two types of formations (see “E zone” Hutchinson 
County). The range of variation extends from uncemented red granite 
wash to massive limestone passing through the intermediate cal- 
careous Granite wash phase. The normal contact between the “D” 
and “‘E zones” is the top of the red shales accompanying the Granite 
wash. However, this shale is absent in the extreme south part of the 
county where the best and probably the thickest series of Granite 
wash within the range of shallow drilling is present. In this area the 
contact is easily recognized by the sudden appearance of the pink 
Granite wash series. 

The clastic deposits were laid down on the crest and the flanks of 
the Moore-Sherman ridge, attaining considerable thickness. In the 
southern part of the county, there are more than 1,000 feet of wash, 
free from red shale and calcareous cementing material. The Granite 
wash located structurally high (in the southern part of the county), 
ordinarily contains a varying amount of vari-colored chert fragments 
which have been eroded from the early Mississippian formations 
(Boone?). Immediately below the base of the Granite wash series, the 
cuttings from several wells show an indefinite thickness of clean de- 
trital chert which is free from other minerals. As far as the writer 
knows, wherever the basal chert detritus has been penetrated, it rests 
on the Mississippian (Boone?) in place (Well No. 5, Fig. 19). Too 
few wells have been drilled into the pre-Pennsylvanian to permit this 
to be considered as a general statement. 

The Granite wash grades within a short distance northward into 
limestone, the uncemented Granite wash dipping steeply under the 
limestone, or interfingering with it farther and farther northward at 
consistently lower depths. About 6 miles north of the Potter County 
line, the Granite wash has disappeared from the “E zone” series above 
sea-level and has graded into limestone. Because of this lateral grada- 
tion, a result of transgressive overlap, it is practically impossible to 
determine the ‘““D-E” contact accurately. 

“D zone.””—The “D zone” which covers about one third of the 
geologic map of Moore County, is represented by limestone except for 
a small area of coarse white dolomite in the Sunray basin. The top of 
the “D zone” is recognized by gray heaving shale containing varying 
amounts of brown detrital limestone (see ““D zone” in Hutchinson 
County). As in the cases of similar shales, it is impossible to determine 
the exact thickness because of the ease with which it caves while 
being drilled. 

The average thickness of the “zone” is about 300 feet, and includes 
streaks of red shales in the southern half of the county. Since the 
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“zone’”’ is unimportant for oil production and because of the confusion 
resulting from the numerous interbedded thin streaks of limestone, 
red shale, gray shale, and detrital material, it is considered as a whole 
and no attempt is made to describe it in further detail. 

“C zone.”’—The “C zone” retains many of its type characteristics 
as recognized in the counties already described. The most reliable 
criterion is the general lithologic appearance, particularly the increase 
in coarseness and the sucrose appearance of the dolomite. The crinoid 
rhombs, which are normally very important, are either very scarce or 
absent in the top of the “C zone.” However, in the eastern part of the 
county, the crinoids may still be depended on. An average thickness 
of 325 feet is considered normal for this “zone” in the county. The 
upper half is dolomite and the lower, limestone. 

The “C! subzone” is an overlapping chemical precipitate, being 
absent, therefore, in the extreme southern part of the county. In- 
creasing thicknesses of the limestone section appear as the distance 
from the elevated parts of the ridge become greater northward. 

The presence of the two heaving shale beds is not as well defined 
as in western Hutchinson County (see “C? subzone,’’ Hutchinson 
County), and these beds are missed in many wells. The two chert 
beds, so well represented in western Hutchinson County, gradually 
disappear toward the west. In eastern Moore County, immediately 
underlying these two chert beds are two new chert beds which occur 
in the lower 125 feet of the “C zone.” Together, the two counties have 
four distinct chert beds, so that wells drilled along the boundary line 
between the two counties pass through all four of them. These beds 
are offset, vertically, similar to a series of steps arranged from west to 
east, so that the lowermost chert extends farthest west; each suc- 
cessively younger chert bed becomes less extensive toward the west. 
Similarly, the beds become successively less extensive, from the lower- 
most to the uppermost. Only 20 feet of the lowermost member of the 
series remain of the four chert beds in southwestern Moore County. 
This chert occurs at the base of the “‘C zone” and is only a small part 
of the formation. 

The “C zone” thickens north from the Sunray pool, and the lime- 
stone grades into dolomite varying in texture from fine to coarse and 
in color from light buff to white. This area includes the Sunray basin 
which has been explored by only three wells, so that little information 
is available. The lower dolomite is very porous for a depth of several 
hundred feet and closely resembles the Borger dolomite. Unfortu- 
nately, most of the area lies north of the gas-water contact line. 
Parts of it are south of the line and will produce small gas wells. Be- 
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cause of the pinching-out of the oil zone in northern Moore County, 
the gas and water form a contact, thereby eliminating the oil-water 
contact. 

Except in the west and southwest parts of the county, the “C 
zone” is not very important as a producing formation for, wherever 
the “‘C zone” lies favorably with relation to the oil-water contact, it is 
limestone and, because of its lithologic character, is most likely barren 
or unproductive. 

“B zone.”’—The “B zone” is normal and can be divided into 
three parts: the upper 10 feet of dolomite; the middle go feet pre- 
dominantly anhydrite; and the lower 50 feet of fine, dense, brown 
dolomite. The top of the lower 50 feet of the ““B zone” forms an im- 
portant marker on which to map the structural features. Although 
the “top of the lime” is the common marker in the Panhandle, it is 
impossible to get a correct picture in Moore County with this forma- 
tion, because the upper part of the “Big lime” or “A zone” has been 
either extensively eroded or was not completely deposited, causing the 
thickness of the anhydrite series (“‘A zone’’) to vary from less than 200 
feet on top of a dome or ridge to the normal 450 feet in basins, or off 
the flanks of the highs. 

WHEELER COUNTY 


The oil production in this county is not great and, therefore, can 
not be considered as a very important factor when considering shallow 
production. Nevertheless, one of the good oil pools of the Panhandle 
(D’Spain pool) is in this county. The pre-Pennsylvanian opportunities 
can not be underrated, either. The latter are discussed later. 

STRUCTURAL GEOLOGY 


There are two important structural features in Wheeler County, 
both of which bear directly on the production of oil (Fig. 5). 1. The 
eastern part of the east member of the Main granite ridge which is in 


the southern part of the county. The ridge dips southeast at a gentle 


rate and eventually drops below sea-level in Oklahoma (as mapped on 
the “top of the lime’’), eventually to emerge above the surface of the 
ground eastward as the Wichita Mountains. 2. The Wheeler County 
fault follows the general trend of the ridge but changes to a more 
easterly direction in the eastern part. The fault separates the main 
Granite ridge from the Anadarko basin on the north. 

The granite core of the ridge lies closer to the surface in Wheeler 
County than anywhere else in the Panhandle. Solid granite has been 
encountered as shallow as 1,400 feet (1,200 feet above sea-level). This 
part of the ridge has several sharply pointed peaks and steep-sided 
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Fic. 20.—Subsurface geologic map of Wheeler County, Texas. Formations indicated are those occurring approximately 


at sea-level. See - 7 for legend. Revised from colored insert map by Henry Rogatz, included in Oil Weebly. Vol. 92, No. 
4 (January 2, 1939). 
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domes. A good example of the latter is the Lela dome indicated on 
the structural map. 


STRATIGRAPHY 


The stratigraphic representations in Wheeler County are the 
poorest in the Panhandle, and in no place is the complete section 
present. The “‘subzone C”” is entirely missing and the upper “C zone” 
and the “‘B zone”’ are poorly developed. Only the “E zone” Granite 
wash and the arkosic dolomite (“‘D zone’’) to a certain extent are 
well developed. More than three-quarters of the area in Wheeler 
County, which has been mapped, consists of Granite wash (Fig. 20). 
Most of this belongs to the “‘subzone E”’” or the lower part of the “E! 
zone.” 

The productive area of Wheeler County is confined to a very 
narrow strip along the north flank of the ridge. Because of the poor 
development of these formations none of the pools is valuable except 
the D’Spain pool in the western part of the county. 

“E zone.”—The Granite wash “outcrop” on the geologic-map 
ends about 7 miles west of the state line, which represents approxi- 
mately the place where the deposits dip below sea-level. In the west- 
central part of Wheeler County, the Granite wash was deposited in a 
large re-entrant filling it with coarse granite detritus resulting in the 
smoothing-out of the general contours of the ridge topography. Ex- 
tensive level series of deposits, similar to those described for the Finley 
and Bowers pools, were formed (see “‘E zone,” Gray County). In this 
huge mass of Granite wash, in places free from red shales, there even- 
tually accumulated the valuable oil deposits forming the D’Spain 
pool (Fig. 21). 

Lithologically, the wash does not retain the same characteristics 
at the east in the Koons-Bentley pool, where the beds contain much 
greater quantities of red shale. In most places this is sufficient to seal 
off completely the deposits, preventing the accumulation of oil. The 
part of the Granite wash which cuts across the oil zone (above the 
oil-water contact) is the part high in red shale (Fig. 4). The cleaner 
material is deposited at the south, or updip. The wash is less cemented 
and, lying structurally above the gas-oil contact, it produces gas. 

The lower part of the “Big lime” (“‘D,” “C?,” “C',’’) is absent in 
the west third of Wheeler County excepting for a few feet of poorly 
developed “D zone” (?) which wedges in 4 miles east of the Gray 
County line. The “B zone” is the oldest zone overlying the Granite 
wash except where the thin “‘D zone” (?) wedges in. In places, the 
upper part of the “‘A zone” anhydrite series rests on the Granite wash 
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along the axis of the ridge and there are even areas where the granite 
peaks project through the “‘A zone” into the Red-beds of the Upper 
Permian. Although most of the zones of the “Big lime” series are not 
present, a few of them have poorly developed deposits along the north 
flanks of the ridge (Fig. 20). Some of these deposits are of questionable 
age. Examples of these are given in following paragraphs. The reason 
for the absence of the older “Big lime zones” is twofold: erosion and 
lack of deposition. 


RED CAVE Caving Led Bed Cave Series 
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“D zone.”’—On the geologic map, the ““D zone” forms a narrow 
band following the strike of the Granite ridge. The band gradually in- 
creases in width southeast from } mile in the western part to } mile 
at a point 8 miles west of the east Wheeler County line. The beds 
trend due north-south as they follow around the nose of the ridge, 
where they attain an average width of 2 miles. Throughout its course, 
the “D zone” band lies in contact with the “E! subzone” Granite 
wash. The best “outcrop” of the “‘D zone” is in the eastern part of 
the county. 

Because of the poor development of the formations, which are 
dolomite, it is difficult to place the “D zone,” stratigraphically. In 
some areas, it seems definite that the gray arkose of that “zone’’ rises 
higher in the stratigraphic column than ordinarily expected, so that 
in western Wheeler County and even in eastern Gray County, the 
gray arkose is present in the ““B zone” dolomite. This is not at all 
surprising when the source and manner of deposition of the arkose are 
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considered. It will be recalled that this material was brought from the 
Wichite Mountains along the shore of the Anadarko basin (see Pantex 
pool, “) zone,” Hutchinson County). Since the period of deposition 
of arkose was nearing an end, the arkose would disappear first in the 
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area most distant from the source. Inasmuch as the ridge in Wheeler 
County was higher than elsewhere, some of the post-“‘D zone” shores 
received small amounts of ‘‘D zone”’ arkose still exposed. 

The “D zone,” in the areas represented on the geologic map, is only 
about 50 feet in thickness and is ordinarily buff, fine- to medium- 
grained dolomite although, in places, it becomes grayish to white. The 
dolomite everywhere contains some gray arkose ranging from a few 
grains to almost the entire thickness. In the latter case, the arkose is 
cemented sufficiently by the dolomite, so that these formations do not 
show any appreciable porosity along the north flank of the ridge. 

The wavy path of the “D zone” along the north flank of the ridge 
is abruptly ended about 12 miles from the west county line, as a result 
of the faulting of the Wheeler nose (Figs. 19 and 5). The ““D zone” 
strip is again brought into the map about 2 miles farther southeast and 
continues its wavy course along the strike of the ridge. The dolomite 
becomes coarser and more typically ““D zone” in character as the 
“outcrop” widens southeast. Insufficient drilling in the area occupied 
by this “zone,”’ in eastern Wheeler County, makes it impossible to 
give a more accurate description of the formation. However, it is as- 
sured that there are streaks or patches of the gray arkose which are 
only slightly cemented by coarse, white dolomite, the deposits of 
which form the reservoir for the accumulation of oil in the Teci and 
Remo pools. Although this area represents the best “D zone” de- 
velopment in the county, to the present, only small production has 
been found. Much of the territory still remains open to exploration. 
Undoubtedly, other small isolated oil pools in the ““D zone”’ will be 
uncovered, probably along the Wheeler County fault. 

“C zone.”’—The “C zone” is non-productive in Wheeler County. 
The reason for this is the poor development of the formation, which is 
almost entirely absent, as in the case of the ‘‘C? subzone,” and is 
represented by about 20-60 feet of fine, dense dolomite (Fig. 21). 

A wide strip of “C' subzone” dolomite is shown on the eastern 
part of the geologic map of the county and extends for a width of 3 
miles north and south, paralleling the outcrop of the “D zone” im- 
mediately on the west. The dolomite in the eastern part of the county 
is about 60 feet in thickness and varies from buff, fine, dense dolomite 
to gray or even white, medium, pearly dolomite. This is the best 
developed area of dolomite in the county, having a considerable de- 
gree of porosity. Apparently, its non-commercial value results from 
the position of the oil-water contact which seems to follow around the 
ridge along the strike and far enough west to exclude the dolomite 
from the oil zone. To the present, only oil showings have been found in 
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wells which have been drilled through this comparatively good section 
of “C zone.” 

““B zone.”’—As in the case of the “C’”’ and “D zones,” there is a 
wide strip of the “B zone” paralleling the two previously mentioned 
in the eastern part of the county. The entire “B zone” is composed 
of brown dolomite similar to that of the type section with only here 
and there a porous bed. 

The “B zone” has not been penetrated close to the oil-water con- 
tact in eastern Wheeler County; therefore, there is no information 
about the porous condition of the dolomite in the localities where it is 
represented on the geologic map. The dolomite becomes whiter and 
coarser toward the east. 

The general characteristics maintained by the “B zone’”’ through- 
out the remainder of the Panhandle persist in Wheeler County. The 
“zone”’ is divisible into two, instead of the usual three parts: (1) the 
lower 50 feet of brown, fine, dense, gnarly dolomite with a consider- 
able quantity of chert nodules and (2) the overlying 100 feet which 
differs from the normal in that the anhydrite is less than in the 
Wheeler County series. It is replaced by gray or black carbonaceous 
shale, and an increase in dolomite. There are streaks of red shale in- 
cluded in the “‘B.zone”’ of western Wheeler County. 

The “B zone” is likewise unimportant with regard to the produc- 
tion of oil in Wheeler County. The narrow strip of “B zone”’ in the 
western part of the county is the only producing area, and there it is 
limited to about 30 acres in the D’Spain pool, just across the line from 
Gray County. 


SUMMARY 


The relationship between the buried Amarillo mountains and the 
overlying thick deposits of sediments is the basis for the study of the 
subsurface geology of the Panhandle. These mountains have a red 
granite core, trending northwest and southeast. They are the buried 
representation of the Wichita-Amarillo mountain system, the Wichita 
Mountains being the exposed member. 

The sediments form a broad arch with a definite system of cross- 
folding. Differential compaction of sediments has increased the dips 
of these deposits which are steeper on the east than on the west 
flanks of the main ridge. Several large basins have been formed, some 
apparently by faulting. 

The sediments are divided into the Red-beds (upper division) 
and the pre-Red-beds (lower division). The former are considered as 
including all of the formations above the Panhandle “Big lime,” and 
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are Upper Permian, Triassic, Tertiary, and Quaternary in age. The 
pre-Red-bed series includes all of the beds below the top of the Pan- 
handle “Big lime,” consisting of the Lower Permian precipitates, the 
Upper Pennsylvanian clastics, and the underlying early Paleozoic 
series (Cambrian, Ordovician, and Mississippian). At present, as the 
most important formations, economically, are the Permo-Pennsyl- 
vanian deposits of the pre-Red-bed division, the entire discussion has 
been devoted to these formations. They are divided into two parts: 
(1) lower, or Granite wash series, and (2) upper, or Permian pre- 
cipitates. The dip of these sediments along the north flank of the west 
end of the core is very gentle, but becomes steeper southeast. As a 
result of this change, the location of the axis of the Anadarko basin is 
more distant from the ridge at the western, and nearer the ridge at 
the eastern, extremity of the basin (Fig. 5). The bands or “outcrops” 
of the overlying sediments, shown on the county geologic maps, are 
very narrow in the east and widen, continually, until they attain 
sizable widths at the western end of the basin. 

The Granite wash series (““E zone”) resulted from the erosion of 
the granite core, the latter eventually being buried beneath its own 
débris. On the crest of the ridge the deposits range from a few feet to 
several hundred feet, thickening in a short distance to thousands of 
feet on the flanks of the core, where they overlie the truncated edges 
of the steeply dipping pre-Pennsylvanian series. The deposits grade 
basinward into massive white limestones forming interwedging 
Granite wash and limestone tongues. 

The Permian precipitates are divided into two series: (1) the 
“D,” “C,” and “B zones” or dolomite-limestone series, and (2) the 
zone”’ or anhydrite series. 

The “D” and “‘C zones” are represented, generally, by two phases: 
(1) limestone in the west, and (2) dolomite in the east. The gradation 
from one to the other occurs along a line trending slightly west of 
north and lying immediately west of Borger (Fig. 15). The gradation 
is a result of the chemical alteration of the limestone to dolomite and 
produces a comparatively sharp contact. The “D zone,” overlying 
the “E zone,” consists of 300 feet of varying amounts of gray arkose 
ordinarily cemented by white limestone or coarse white dolomite, 
according to the location of the deposit with respect to the limestone- 
dolomite contact. These beds grade upward into the “C zone,” the 
normal thickness of which is about 300 feet. The lower half is coarse 
and fine white dolomite and the upper half is buff dolomite, odlitic 
in the uppermost part. Two-thirds of the distance above the base of 
the “‘C zone”’ there is an extensive lens of chert-bearing dolomite and 
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limestone covering the western two-thirds of Hutchinson County and 
the eastern one-third of Moore County. The lens appears to be more 
or less flattened at the base, so that the lower part covers the largest 
area and gradually becomes more restricted with increasing elevation. 
On the geological maps, the bands or “outcrops” of the “C” and “D 
zones” decrease, continually, in width and thickness southeast, and 
disappear about halfway along the length of the ridge. Inasmuch as 
the “‘D zone” was deposited during the early stages of an encroaching 
sea, it is the least extensive and does not extend over the crest of the 
mountains. The “‘C zone”’ is more widespread and covers a consider- 
able part of the upper part of the ridge. 

The “B zone” universally consists of 150 feet of buff fine dolomite 
with a bed of 20-50 feet of anhydrite in the upper part. This series 
extends over the ridge, almost everywhere. The “B zone outcrop” 
becomes consistently narrowed southeast, as in the preceding cases. 

The “A zone” or anhydrite series is normally about 450 feet of 
interbedded anhydrite, gray shale, and buff dolomite. It covers the 
ridge in almost all places, becoming restricted on the ridge southeast 
in the same manner as previously described beds. 

In general, then, there is the picture of a granite mass as an 
elongate island gradually becoming submerbed by the sea. The 
erosion wears down the granite core which is buried beneath the re- 
sulting deposits. When most of the precipitates are deposited, oil 
begins to accumulate on the flanks of the ridge. Subsequently, the 
entire region is tilted eastward, disturbing the relationship between 
the gas, oil, and water. Although there is a tendency for the relation- 
ship to become corrected to the new position, this correction is never 
actually completed and, therefore, the oil is in a somewhat different 
position, structurally, from that which it held previous to tilting. 


UNEXPLORED RESERVES?® 


There are still many areas in the Panhandle which possess poten- 
tially commercial production and therefore are worthy of exploration. 
The uncertainty of many of these possibilities lies both in their rela- 
tion to the oil-water contact and in the character of the producing 
formations. Therefore it is difficult to determine the chances for the 
discovery of oil or the extent of these discoveries. 

Among the unexplored possibilities, there are two types of pro- 
duction: (1) shallow—or production from formations of the same age 
as those now producing (Permo-Pennsylvanian), and (2) deep—or 


® Revised from article on “Crude Oil Reserves of Texas Panhandle,” op. cit. 
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production from pre-Pennsylvanian formations, most likely Missis- 
sippian or Ordovician. 

With regard to the shallow possibilities, there are reasonable op- 
portunities in practically all of the five oil producing counties, as well 
as southeastern Hartley County. The most favorable, and at the 
same time the most uncertain, is Moore County. 


MOORE COUNTY 


Moore County has been explored only slightly and until 3 years 
ago, had been practically undrilled. At present, the possibilities of 
production are being reduced gradually, because of the failure to find 
oil during an extensive gas drilling campaign of the Phillips Petroleum 
Company, Anderson and Kerr Drilling Company and the Shamrock. 
The many wells drilled during the last 3 years have contributed almost 
nothing to the opening of the many anticipated oil pools. A couple of 
isolated wells in northern Moore County have produced, but they 
have not resulted in new pools. The oil when found is produced from 
limestone which seems to have little porosity, yet in these isolated 
cases it produces commercially. From the manner in which the oil 
wells line up, it might be suspected that the production is coming 
from one extensive fault or fault system. If this is true, the faults 
might be tapping normal reservoirs, possibly of pre-Pennsylvanian 
age. However, because of the great depth to the pre-Pennsylvanian 
in this area, this seems doubtful. 

There is a probability that the Moore County limestone contains 
oil that was carried along faults from the dolomite, for this dolomite 
lies in direct contact with the limestone. Furthermore, wherever the 
dolomite is porous, and within the limits of the oil-water contact 
line it is productive (see chapter ‘“Gas-Oil-Water Contact”). The 
dolomite has not yet produced oil in Moore County, but it is true 
that no wells have been drilled in any area in which the dolomite is 
situated properly with respect to the oil zone. 

The area possessing the best dolomite prospects in Moore County 
is located in the west and southwest part of the county, along the 
margins of the Dalhart basin. This is one of the few parts of the Pan- 
handle which has undergone no development work. It is the largest 
prospective area outlined, covering an area almost 30 miles in length 
and 4 miles in width, abruptly widening to 10 miles in the northern 
part of the county. In the southern part of the Dalhart basin, the 
most favorable part of the dolomite for production is the top of the 
“C?” and the bottom of “C' subzones.”’ In the extreme southern part 
of the Dalhart basin, there was drilled a section of almost 70 feet of 
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porous dolomite. Along the east rim of the Dalhart basin, the upper 
“C! subzone” looks more favorable. 

An extensive basin lying lengthwise across much of the north end 
of the county is also prospective. The most recent developments along 
the south edge of this basin indicate that bottom-hole water will be 
encountered where the oil pay should exist, which suggests that the 
oil-water contact line comes south of this area and immediately north 
of the Sunray pool. It is possible that the oil zone pinches out, pro- 
ducing a gas-water contact north of the Sunray pool. 


HUTCHINSON COUNTY 


In Hutchinson County much of the favorable area has been ex- 
plored sufficiently to indicate what can be expected regarding the dis- 
covery of any new commercial pools. The most favorable area is 
located north and northwest of Stinnett. However, any discoveries 
immediately north of the Stinnett pool can be considered as an ex- 
tension of that pool. The production would be in the odlitic dolomite 
(“C! subzone”’) and possibly in the upper pay in the “C? subzone.” 
The only unfavorable condition preventing discoveries in this locality 
would be the location of the oil-water contact line too far west. It has 
already been explained (Gas-Oil-Water Contact) how the oil-water 
contact line cuts across the contours north of the town of Stinnett and 
the Stinnett pool. Any area to be productive north of Stinnett must 
lie west of this contact line. 

The extreme western part of Hutchinson County is another area 
which may develop commercial oil production,—in the vicinity of the 
Herring and Carver ranches. A few widely scattered weils have been 
drilled already, and, although the results have not been encouraging 
the exploratory work has not been sufficient. It is true that there have 
been several commercial wells drilled, but in general, the feeling is 
that the porosity of the limestone or calcareous dolomite is spotted 
in the section from which it must produce. At present the area seems 
to be more valuable as a gas reserve. There is considerable evidence 
that large amounts of oil are in the formation under parts of these 
areas, but whether it can be removed from the ground commercially 
is doubtful. It may be necessary to await a change in the economic 
status of the oil industry before this area can be classed as commercial 
for oil, or before further drilling can prove-that the area is much more 
consistent in productivity. 

GRAY COUNTY 


The prospective oil areas in Gray County lie mostly south of the 
axis of the main Granite ridge. Production should be expected almost 
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entirely from the Granite wash, although some dolomite areas are 
favorable. It is very doubtful whether any good pools will be dis- 
covered here, but the area is not condemned definitely. From available 
facts, the preponderance of evidence suggests that oil south of the 
Granite ridge migrated from the Anadarko basin through the gap in 
the Granite ridge formed by the Lefors basin. If this is true, the 
probability of large oil deposits south of the ridge is not encouraging. 
In any event, the area open to wildcat exploration is large—at least 100 
square miles. 

The strip about 4 miles north of the town of McLean will bear 
careful watching. The Lone Star Gas Company has had good show- 
ings in the last two wells drilled. The strip lies almost immediately 
against the steep-sided granite core of the ridge-and trends somewhat 
northwesterly. On the north is the granite core, from the crevices of 
which have been taken considerable quantities of oil. The oil from the 
creviced granite is located along the north flank of the core, and it is 
reasonable to expect the discovery of additional wells eeteny' from 
this area. 

The area on the eastern flank of the Lefors basin, and slightly 
southwest of the Chapman pool, is prospective oil territory. Pro- 
duction would be expected in both the Granite wash and the dolo- 
mite, but more likely the latter. 


WHEELER COUNTY 


The most important area which bears exploration in Wheeler 
County lies along the fault zone in the eastern part of the county. This 
area can be expected to produce from the “C’”’ dolomite and arkosic 
dolomite (“D’’), if productive at all. It would be narrow and inter- 
rupted along the fault. Within the last 2 years or so, there has been 
one discovery in this trend, the Teci pool. This development, however, 
was disappointing because the wells had small production. 

- Sporadic discoveries may be expected in part of the area covered 
by “C! subzone”’ and “D zone” (Fig. 20) in the southeast part of the 
county. The production will most likely be disappointing and of 
small areal extent. 

CARSON COUNTY 


Carson County presents extensive unexplored areas of which only 
a small part has favorable possibilities. The best prospective trend 
lies along the Carson County fault on the south side of the main 
Granite ridge. The Fields pool (Fig. 13), is established in this trend 
already, with an areal extent of only 500 acres. Not all of this will be 
commercial. Other small pools may be developed along the upthrown 
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side of this fault. The oil can be expected in the Granite wash (“‘E”’) 
well above sea-level. It is possible that the oil along the fault migrated 
from the north side of the ridge across a low saddle. The pools, if 
present, are expected to be small and isolated, consisting of a strip 
extending along the 16 miles of the fault line. The width of the strip 
is very narrow, probably less than $ miie. 

In the western part of the county, where the fault dies out and the 
dip of the ridge becomes normal, there is an area which should receive 
some exploration based on the natural assumption that the migration 
or flushing of the oil from the north to the south side of the ridge 
might have progressed sufficiently to permit the accumulation at this 
distant point, as in the Fields pool. While the chances are rather poor, 
the area is entitled to a couple of tests to exhaust the Granite wash 
and dolomite possibilities. 

The southeastern part of the county is certainly not among the 
areas definitely proved dry, although the possibilities are not very 
encouraging. A ridge exists here which appears to be a cross-fold at 
right angles to the main Granite ridge. If oil is found in this area, it 
would be more reasonable to consider it as having originated in the 
basin south of the main Granite ridge. 


DEEP OIL ASPECTS 


For many years, the oil industry has been hopefully watching the 
Panhandle for encouraging signs which would ultimately lead to the 
discovery of deep oil. In spite of this interest, there have been drilled 
less than a dozen wells below 4,500 feet. The companies have ap- 
parently chosen to explore the Panhandle prospects by geophysical 
means, before involving themselves in the great expense of deep oil 
exploration. To the writer’s knowledge, none of this geophysical work 
has been classed as definitely satisfactory, although a few companies 
have made some purchases on the strength of the findings. 

Deep oil in the Panhandle is normally considered as synonymous 
with pre-Pennsylvanian oil, although there is no reason to reject the 
idea of early Pennsylvanian discoveries. The reasons for believing in 
the ultimate discovery of deep oil in the Panhandle are sufficiently 
sound to warrant considerable exploratory drilling and geophysical 
work, especially if the natural handicaps of the latter are removed 
in this area. 

If deep oil is discovered, it will underlie areas which are now barren 
' in the shallow Permo-Pennsylvanian series, in most places. The deep 
structures must be located farther basinward than the shallow ones, 
particularly in order to avoid encountering granite; also, the pre- 
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Pennsylvanian formations underlying the areas now producing oil are 
steeply dipping, truncated pre-Pennsylvanian beds which would most 
likely permit the escape of any oil originally present. The truncated 
edges of these beds are overlain by the thick deposits of Granite wash 
of varying porosity. Under such conditions, oil in the pre-Pennsyl- 
vanian beds either would have escaped before the deposition of the 
younger porous beds or would have passed into these beds subsequent 
to their superdeposition. In order for oil to be entrapped in the pre- 
Pennsylvanian beds, it must be in structures having sufficient closure 
to produce reversal of the dip toward the ridge, to assure an effective 
trap for the oil. 

There are a few areas where the deep oil prospects underlie the 
shallow producing areas. The most important of these are in the 
western part of the Panhandle field, where the dips are the gentlest, 
such as north-central Moore County. Ordovician and Mississippian 
beds have been definitely encountered in the southern and north- 
eastern parts of this county. The depth to these possible oil zones may 
range from 5,000 feet to more than 8,000 feet. The greatest ‘epth 
from which oil is now being produced is 3,400 feet. In south-central 
Wheeler County, oil is being recovered from formations which are 
questionably Ordovician in age (Fig. 20). Although the fragments 
composing the cuttings are Ordovician, it is quite likely that the 
formation is composed of reworked material. 

Even if it is assumed that the oil on the north side of the ridge 
migrated from steeply dipping truncated pre-Pennsylvanian rocks 
into the overlying Pennsylvanian beds, as already stated, possibly 
structural conditions on the south side of the main Granite ridge are 
such as to seal off these early formations. This would prevent the oil 
from leaving the pre-Pennsylvanian and entering the overlying 
Permo-Pennsylvanian reservoirs. For this reason the absence of oil 
at shallow depths, south of the ridge, may indicate more encouraging 
possibilities for deep production than the north side. 

The areas believed to be worthy of exploration for deep production 
are here outlined. Mention of these areas is prompted by the presence 
of Pennsylvanian structures. It is doubtful whether these structures 
will continue into the pre-Pennsylvanian. However, it seems most 
logical to exhaust these more definite possibilities before exploring 
less obvious possibilities. The writer recognizes at least eight of these 
structures which justify some development. 


MOORE COUNTY 


1. The Wilson structure in northeastern Moore County already 
has been tested by an 8,o00-foot well (Phillips Petroleum Company’s 


4 
7 
4 
| 
= 
a 
“ 
5) 


GEOLOGY OF TEXAS PANHANDLE FIELD 1049 


Wilson No. 2). Although no oil was encountered, a good section of 
pre-Pennsylvanian rocks was penetrated including 100 feet of 
“Wilcox” strata. The well was abandoned, as dry, in the Cambro- 
Ordovician (Arbuckle). This dry well does not condemn the entire 
area, because it is the only deep test within many square miles, and 
there is no certainty that the test is located on a pre-Pennsyl- 
vanian structure. When the Wilson deep test was drilled, there was 
practically no available geological information other than.some mag- 
netometer work which placed the well on the top of the structure. 
Since the drilling of this test, dozens of shallow wells have been com- 
pleted in this area and have proved that the Wilson high, in the 
Pennsylvanian series, is located several miles farther west than it was 
originally believed. Even if the Pennsylvanian were to reflect the 
pre-Pennsylvanian structures, there still would be the fact that the 
Wilson test was drilled off structure. More deep wells are necessary 
before this area can be condemned. 


HUTCHINSON COUNTY 


2. The Plemons nose in central Hutchinson County is a favorable 
structure in the Pennsylvanian which covers a large area. A deep well 
(Phillips Petroleum Company’s Elva No. 12, Tomlinson Survey) on 


the flank of that high was drilled to 5,300 feet and later abandoned in 
Ordovician dolomite(?). The structural map shows this structure as 
resembling an extensive gentle northeasterly plunging anticline and 
occurring as a cross-fold to the main Granite ridge. 


GRAY COUNTY 


3. The presence of a closed high in northwestern Gray County 
(Pampa nose) is problematic since there is insufficient evidence to 
assure the necessary closure to separate it from the main Granite 
ridge on the south. However, an extensive structural nose is there and 
it is distant enough from the main Granite ridge, and low enough, 
structually, to possess the sections necessary to contain oil. 

4. The northwest nose of the Lefors ridge should be tested even- 
tually. The closure is present in Permian strata; the existence of the 
required pre-Pennsylvanian series is uncertain. 


WHEELER COUNTY 


5.. The most important location for deep production in this 
county is the Wheeler nose, in the central part of the county, about 2 
miles south of Wheeler. This feature is usually mapped as a plunging 
anticline, or nose, extending at right angles to the axis of the main 
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Granite ridge and cut by the Wheeler County fault. The downthrown 
part of the structure is in the Anadarko basin (Fig. 5). 

The Phillips Petroleum Company drilled a 7,000-foot test north of 
the Wheeler County fault on what seems to be the upper part of the 
Wheeler nose. Immediately south of this well and on the upthrown 
side, the Midwest Refining Company drilled through 200 feet of 
Granite wash and entered a thick dolomite section which is conceded, 
generally, to be Cambro-Ordovician (Arbuckle). Although this well 
was drilled to the shallow depth of 2,945 feet, it penetrated 860 feet 
of these pre-Pennsylvanian beds. Therefore, it was quite unexpected 
when the Phillips test, just across the fault and only 13 miles from 
the Midwest well was still in Granite wash at 7,000 feet. The test 
was abandoned at this depth, not having entered the pre-Pennsyl- 
vanian rocks. There is no information available to aid in determining 
at what depth a well in this area would reach the base of the Pennsyl- 
vanian. In any event, the test did not assist in locating the structure, 
nor did it even affirm or deny its presence. The prospects for deep 
production on this suspected anticline are unchanged. 


SHERMAN COUNTY 


6. There are two important structures in Sherman County which 
should be considered for exploration when the matter of deep produc- 
tion is discussed. The Coldwater structure, in eastern Sherman 
County, is of lesser importance. The presence of the structure is 
recognized by the magnetometer. Although the Coldwater structure 
has also been recognized by subsurface geological work, a shallow 
test (3,500 feet) was drilled on the flank of it 13 years ago, and the 
well was completed, producing 15 million cubic feet of gas according 
to the statement filed with the Railroad Commission. For this well 
to test the Ordovician, it will have to be drilled more than 8,000 feet 
to exhaust all possibilities. 

7. The Stratford dome in western Sherman County is a much 
more pronounced feature, and has been recognized in both magnetom- 
eter and subsurface work. The structure is the northwest member of 
the Indian Territory Illuminating Oil Company-Watchorn struc- 
tural trend extending northwest and southeast in southwest Sher- 
man and northeast Moore counties. A saddle located along the 
Sherman-Moore County lines separates these two structural features 
which probably mark the western extremity of the Anadarko basin. 

A well recently drilled by the Indian Territory Illuminating Oil 
Company, ostensibly on the apex of the high, was abandoned at 
3,840 feet in coarse, gray, calcareous shale of Upper Pennsylvanian 
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Fic. 2 5.—Subsurface geologic map of Potter County, Texas. Formations indicated are those occurring approximately 
at sea-level. See Figure 7 for legend. Revised from colored insert map by Henry Rogatz, included in Oil Weekly, Vol.292, No. 
4 (January 2, 2939). 
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age and plugged back to 2,850 feet where it was completed as a gas 
well (40 million cubic feet). Although this is one of the best locations 
for a deep test in the Texas Panhandle, there can be only guesses as 
to the probable pre-Pennsylvanian formations which will be en- 
countered and at what depth. This much is probable: (1) that the pre- 
Pennsylvanian is comparatively deep, probably greater than 6,000 
or 7,000 feet; (2) that the pre-Pennsylvanian is present over the 
Indian Territory Illuminating Oil Company structure; and (3) the 
chances of entering solid granite at shallow depths are not great. 


POTTER COUNTY 


8. An interesting deep test has just been completed on the Bush 
dome in southwestern Potter County. The structure is a Permo- 
Pennsylvanian dome of great extent on which is located the famous 
Panhandle helium gas field. The structure has been proved a sub- 
surface feature by information from numerous wells drilled on it. 
The dome has been mapped by torsion balance by R. H. Andrews."® 
The two important questions to have been answered by this test were: 
(1) does the Permo-Pennsylvanian structure reflect a pre-Pennsyl- 
vanian one? and (2) are pre-Pennsylvanian sedimentary beds present? 

The test was drilled by the Sinclair-Prairie Oil Company to a 
depth of 6,163 feet. The base of the Panhandle “Big lime” was reached 
at about 5,000 feet and unfortunately a rock was struck which per- 
sisted to the total depth at which point it became necessary to dis- 
continue drilling. The material encountered is variously called 
“granite” and “arkosic quartzite.” An examination of the cuttings 
and thin sections of fragments favors the “‘arkosic quartzite’ determi- 
nation wherein it is believed that the material consisted of ordinary 
Granite wash which has been very tightly cemented by silica, produc- 
ing an exceptionally hard rock. The well was finally plugged back as 
a gas well, producing from the helium gas pay. 

According to R. H. Andrews, the city of Amarillo is located on a 
torsion-balance structure, probably part of the same trend as the Bush 
dome and equal in size to it. He also recognizes a structure south of the 
Bush dome and lying across the Potter-Randall County line. 

There is sufficient evidence to give foundation to the belief that the 
whole Panhandle area is covered by Ordovician or Mississippian 
formations, or both. This is true except on the crest of the main 
Granite ridge. Much deep testing will be required before it can be 
proved whether there is any production available from the older for- 
mations. From these discussions it will be appreciated that the Pan- 


10 Torsion-balance contractor, Dallas, Texas. 
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handle is to be considered seriously in any campaign involving the 
exploration of oil from pre-Pennsylvanian formations. 
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GEOLOGY OF HUGOTON GAS FIELD OF 
SOUTHWESTERN KANSAS! 
CLENON C. HEMSELL? 

Amarillo, Texas 
ABSTRACT 


The producing ‘“‘zones’’ of the Hugoton gas area are correlated with the dolomite 
(lower Sumner) and the dolomite and limestone (Chase group) of Permian age of cen- 
tral Kansas. Between the Hugoton area and the Texas Panhandle gas and oil fields, 
the top of the Wellington anhydrite (upper Sumner) is correlated with the top of the 
Texas Panhandle “Big lime,’’ the top of the Herington dolomite (lower Sumner) is 
correlated with the “Brown doiomite’’ of the Panhandle “Big lime.’ (Based on the 
chert in the Herington formation, this is encountered from 30 to 50 feet below the top 
of the “Brown dolomite”’ of the Panhandle “Big lime.””) The top of the Winfield lime- 
eo (Chase group) is correlated with the ‘“White dolomite’ of the Panhandle “Big 

e. 


INTRODUCTION 


The Hugoton gas field includes parts of Kearny, Finney, Haskell, 
Grant, Stanton, Seward, Stevens, and Morton counties, Kansas, and 
Texas County, Oklahoma. Very few wells have been drilled in Hans- 
ford and Sherman counties, Texas, but the writer is of the opinion 
that these two counties will eventually be included in the Hugoton 
gas field (Fig. 1). 

Most of this area is covered with gravel and sand and caliche of 
the Ogallala formation of Tertiary age. Quaternary dune sand covers 
parts of Kearny and Finney counties, south of the Arkansas River. 
Parts of southwestern Stevens and southeastern Morton counties are 
also covered with dune sand. 

Surface elevation in this area varies from 2,800 feet in central 
Seward County to 3,350 feet above sea-level in eastern Morton 
County. 

Fresh water is found in the sand and gravel of Tertiary age, and in 
the Dakota sand of Cretaceous age at depths ranging from go to 450 
feet. The writer is doubtful of the presence of the Dakota sandstone 
at the south end of the field. 

The common practice of drilling wells in this area is carried out by 
drilling with rotary tools from the surface to approximately 2,460 
feet, or near the top of the Herington dolomite (Fig. 2-B), where the 


1 Presented by title before the Association at Oklahoma City, March 22, 1939. 
Manuscript received, April 18, 1939. 


? District geologist, Columbian Fuel Corporation. The writer wishes to express his 
appreciation for comments made by Victor Cotner, chief geologist, Columbian Carbon 
Company, and for his permission to give out information as inclosed. Also gratitude is 
— to John E. Galley, Shell Petroleum Corporation, Howard S. Bryant, Skelly 

il Company, and Henry Rogatz, consulting geologist, Amarillo, Texas, for their com- 
ments. 
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Fic. 1.—Present limits of gas production of Hugoton and Texas Panhandle fields. 


A. | 

| “MSS RE A wtih 


1056 CLENON C. HEMSELL 


first gas is encountered. After the producing string of pipe is run, 
further drilling is done with cable tools. 


Economic History 


The first well to encounter gas in the Hugoton area was the De- 
fenders Petroleum Company’s Boles No. 1 which was -completed in 
December, 1922, with approximately 1 million cubic feet daily open 
flow. The first well to be completed in Stevens County, which is now 
the center of the producing area, was the Independent Oil and Gas 
Company’s Crawford No. 1, completed in May, 1927, producing 
approximately 3 million cubic feet of gas. 

Very little development took place until the years 1930 and 1931 
after the completion of a pipe line from western Stevens County to 
Dodge City, Kansas, by the Argus Pipe Line Company. Major pipe 
lines, which had been built from the Texas Panhandle gas field to 
eastern cities, passed near the Hugoton gas field and encouraged 
further drilling in this area. Further development took place in 1936 
and 1937 after additional lines were completed by the Northern Nat- 
ural Gas Company and the Panhandle Eastern Pipe Line Company, 
transporting gas from the Hugoton area to major pipe lines near 
Mullinsville and Arkaylon, Kansas. The Tri-County Gas Company 
constructed a pipe line from the north end of the Hugoton gas field 
to Scott City, Kansas, in 1937, furnishing fuel for a small oil refinery 
operating near the town of Scott City, and to small towns in this 
vicinity. Gas is piped to Syracuse, Kansas, and to Lamar, Colorado, 
by the Central Gas Utilities. Guymon, Oklahoma, and the surround- 
ing towns are furnished gas by the Cimarron Utilities. One small 
carbon-black plant operates near the town of Ulysses, Kansas. 


TABLE I 
Oren FLow 
Total 

County State — Open Flow 

Cubic Feet 
Finney Kansas 3 25,660,000 
Grant Kansas 49 494, 868,000 
Haskell Kansas 4 24,681,000 
Kearny Kansas 7 QO, 103 ,000 
Morton Kansas * 40 194,922,000 
Seward Kansas 8 14,980,000 
Stevens Kansas 168 I, 141,416,000 
‘exas Oklahoma 27 330,341,000 
Hansford Texas I 5,500,000 


2,277,071,000 
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Fic. 2.—Stratigraphy of Hugoton gas field from type section in south Grant County, Kansas. 
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At the present writing, 307 gas wells have been completed in the 
Hugoton field having a daily open flow of 2,277,071,000 cubic feet, 
averaging approximately 7.4 million cubic feet per well. 


GEOLOGY PERTAINING TO OCCURRENCE OF NATURAL GAS 
REGIONAL STRATIGRAPHY 


Figure 2-A is a composite diagram of the type section in southern 
Grant and northern Stevens counties, Kansas. The upper part of the 
Permian is not well represented in this diagram because few samples 
have been saved by the drillers above depths of 2,000 feet. Important 
geologic formations encountered above 2,000 feet are the Blaine 
gypsum, which may be found at about 1,000 feet, and the Stone 
Corral (Cimarron anhydrite) at approximately 1,750 feet. 

From 2,100 to 2,300 feet of red shale and sand of Permian age are 
found throughout the area. Approximately 100 feet of salt is in- 
cluded in the lower part of the red shale. From 225 to 370 feet of grey 
shale and anhydrite of the Wellington formation (upper Sumner) 
underly the red-beds. 

Below the Wellington formation are the gas-bearing dolomites and 
limestones of the Sumner and Chase groups, described later, which 
total 200-250 feet in thickness. These gas-bearing formations are en- 
countered at depths ranging from 2,460 to 2,750 feet. 


STRUCTURE 


A monoclinal structure is present in this area; the beds of Permian 
age dip east and southeast into the Anadarko basin. At the north end 
of the field these beds dip northeastward. The beds of Cretaceous age, 
which are present on the surface at the north end of the field, dip 
north and northeast. The lower Sumner and Chase groups, which are 
the producing formations, dip approximately 12-14 feet per mile 
across the Hugoton field. The gas-bearing formations grade laterally, 
along the west side of the field, into red and brown clastics which 
serve as a trap for the gas migrating up the monoclinal structure 
(Figs. 3 and 6). 

RESERVOIR ROCKS 

Figure 2-B is a composite diagram of the type section of the pro- 
ducing formations of Grant and Stevens counties, and is a repre- 
sentative section of the producing formations from southern Stevens 
County to the north end of the field. : 

SUMNER GROUP 


Hollenberg dolomite-—The first dolomite encountered below the 
Wellington shale and anhydrite is fine crystalline mottled dolomite 
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ranging from 1o to 15 feet in thickness. It is correlative with the 
Hollenberg dolomite of central Kansas. This dolomite is an indica- 
tion to the operator that gas might be encountered approximately 30 
feet lower. The Hollenberg dolomite is underlain by about 30 feet of 
grey shale and anhydrite with interbedded brown shale. 

Herington dolomite——The first gas encountered in this area is 
found approximately 1o feet below the top of the Herington dolo- 
mite. This dolomite is gray to buff, fine sugary dolomite, very cherty 
at the top. Gas encountered in this “‘zone’”’ seldom gauges more than 
3 million cubic feet, but the “showing” is continuous throughout most 
of the field. The Herington ranges in thickness from ro to 20 feet and 
is underlain by 15-20 feet of grey and brown shale and anhydrite. 

Krider dolomite.—The first formation in which gas is encountered 
in paying quantities, is dark grey granular dolomite containing vary- 
ing amounts of silica, chert, and argillaceous material. It is correla- 
tive with the Krider formations of central Kansas.’ The percentage 
of porosity in this formation largely depends on the amount of silica, 
chert, and argillaceous material. The thickness of this formation is 
approximately 30 feet, and the volume of gas encountered ranges 
fron: less than one million cubic feet in some wells to more than 10 
million cubic feet in others. A large percentage of the production 
found in central and western Stevens County comes from this “zone.” 
Grey and brown shale and anhydrite are next encountered. They at- 
tain a total thickness of 25 feet. 


CHASE GROUP 


Winfield formation.—The Winfield formation is grey argillaceous 
dofomite and fossiliferous dolomitic limestone, the formation being 
very cherty near the top. The average thickness of this formation is 
approximately 30 feet. Gas is ordinarily encountered in a fossiliferous 
“zone”’ near the middle of the formation. Below the Winfield lime- 
stone is the Gage shale, which consists of approximately 25 feet of 
grey and brown calcareous shale and grey and brown anhydrite with 
5-15 feet of red sand and sandy shale at the base. 

Fort Riley limestone—Immediately below the Gage shale is the 
Fort Riley limestone in which the remaining gas increases are found. 
This interval consists of about 80 feet of grey, fossiliferous, argillaceous 


3 C. Moore, “Rock Formations of Kansas,” Oil Weekly (Houston, Texas, 
ay 3, 1937)- 

There is some dispute as to the presence of the Krider, as included in Raymond 
C. Moore’s nomenclature in Kansas, in the Hugoton area; however, the writer has cor- 
related this formation, or its equivalent of central Kansas with that which he has iden- 
tified as being the same in the Hugoton area. 
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limestone with an odlitic “‘zone’’ near the base. A few streaks of grey 
and brown shale are present within this interval. 

Gas is encountered a few feet below the top of the Fort Riley in 
the first fossiliferous “zone’’ and in a second fossiliferous zone ap- 
proximately 20 feet below the top of the formation. The odlitic “zone” 
near the base of this interval is the lowest “zone” in the Hugoton 
area in which gas is found. A large percentage of the gas produced in 
the Hugoton area comes from the Fort Riley formation. 

Florence limestone.—The Florence limestone marks the bottom of 
the gas-bearing formations now producing in the Hugoton field. This 
“marker” is dark to light grey limestone having a thickness of ap- 
proximately 20 feet. The upper 5-15 feet of this formation consists 
of dark gray to bluish gray fossiliferous chert. In a very few places, 
gas has been encountered in the lower part of the Florence lime- 


stone. 
POROSITY 


The gas “pays” are encountered in 2-6 different ‘‘zones” through- 
out the Hugoton field. The open flow of wells in this area, which de- 
pends upon the porosity and thickness of the formations, is impossible 
to determine from one section to another. Wells drilled in a radius of a 
mile vary in open flow from 1 to ro million cubic feet which might be 
considered a great variation when the average open flow per well for 
the entire field is 7.4 million cubic feet. 

The porosity of these formations is found to range as high as 30 
per cent and the thickness to be as great as 80 feet but these figures 
are well above the average for the field. Few cores have been taken 
from the producing “zones,” although the examination of cores is the 
most accurate way of determining the porosity and thickness of a pay 
“zone.”’ Without the benefit of sufficient core data, the writer esti- 
mates the average porosity as 12 per cent and the average thickness 
of producing formation for the entire Hugoton field as 45 feet. 


Gas RESERVES 


By using an average pay thickness of 45 feet, average porosity of 
12 per cent, and an initial rock pressure of 437 pounds (average 
taken from rock pressure of 80 wells that were shut in for one year), 
it is computed that the Hugoton field had an original gas reserve of 
7.4 million cubic feet per acre. The area proved productive of gas in 
Kansas amounts to approximately 1,580,000 acres with a total gas 
reserve of 11,680 billion cubic feet. Texas County, Oklahoma, which 
the writer considers as a part of the Hugoton gas field, includes ap- 
proximately go00,000 acres, with Hansford and Sherman counties. 
Texas, furnishing an additional 900,000 acres of producing territory, 
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Due to the change in lithologic character of the producing formations 
in Texas County, Oklahoma, and Hansford and Sherman counties, 
Texas, the writer is unable to make an estimate as to the amount of 
gas originally in place under these counties. However, the average 
pay thickness in the few wells that have been drilled in these counties 
is approximately about 45 feet and the field pressure is conformable 
with that of the Kansas counties. The daily open flow of wells in these 
counties ranges from 1 million to 49.9 million cubic feet, the average 
per well being approximately 7 million cubic feet. 


WITHDRAWALS 


To January, 1939, cumulative withdrawals from the Hugoton 
field amounted to 15r billion cubic feet, which represents less than 
one per cent of the total amount of gas originally in place. Average 
rock pressure for the field at this time was 418 pounds, a decline of 19 
pounds from the original pressure. A large percentage of the wells are 
located in western Stevens County and it is in this area that low rock 
pressures are noted. Virgin rock pressure has been recorded at out- 
lying wells in the field. 

Pipe lines taking gas from the Hugoton field are as follows: Pan- 
handle Eastern Pipe Line Company, two 16-inch lines, both leading 
to their compressor station located near Arkaylon, Seward County, 
Kansas, whence gas is piped to the large industrial centers of the east; 
Northern Natural Gas Company, one 20-inch line leading from the 
field to their compressor station located near the town of Mullinville, 
Ford County, Kansas; Argus Pipe Line Company (Northern Natural 
Gas Company), one 8-inch pipe line furnishing Dodge City and Gar- 
den City, Kansas, with gas; also one 8-inch line transporting gas to 
towns in Morton County, Kansas; Central Gas Utilities, one 8-inch 
line transporting gas to Syracuse, Kansas, and Lamar, Colorado; Tri- 
County Gas Company, one 6-inch line carrying gas to Scott City, 
Kansas, and surrounding towns; Cimarron Utilities, one 4-inch line 
carrying gas to towns in the Oklahoma Panhandle. One small carbon- 
black plant operates near the town of Ulysses, Kansas. 

Withdrawals for the month of December, 1938, by the different 
companies taking gas from the Kansas part of the Hugoton field, 
shown by percentages, are as follows. 


Per Cent 
Panhandle Eastern Pipe Line Com ; 43-7 
Northern Natural Gas Company nd 41.8 
Central Gas Utilities 1.4 
Argus Pipe Line Company 7.8 
Liberal Gas Company 1.0 
Peerless Carbon Black Company 2.9 
Tri-County Gas Company 1.6 
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CORRELATIONS MADE WITH TEXAS PANHANDLE GAS FIELDS 


After examining well cuttings from Stevens County, Kansas, 
Texas County, Oklahoma, Hansford, Sherman, and Moore counties, 
Texas, the writer has concluded that gas is produced from the same 
stratigraphic ‘“‘zones” in this area. A gradational change in the forma- 
tions begins near the top of the Winfield formation (Figs. 4 and 5) 
in northern Texas County, Oklahoma, and from this area southward, 
the limestones of the Winfield and Fort Riley formations become very 
dolomitic. Shales which are present between these formations in 
Kansas pinch out southward from Kansas. 

By comparing the stratigraphy of the Hugoton area with that of 
the Texas Panhandle, the writer is of the opinion that the Wellington 
anhydrite (upper Sumner) of Kansas is correlative with the anhydrite 
section or “A zone’’* of the Texas Panhandle “Big lime.” The fine 
buff dolomite of the Herington formation and other dolomites of the 
lower Sumner are correlative with the “Brown dolomite” or “B zone” 
of the Panhandle “Big lime,” and the dolomite and limestones of the 
Winfield and Fort Riley formations (Chase group) of Kansas are 
equivalent to the “White dolomite” or ‘“‘C zone” of the Panhandle 
“Big lime.” 

In the Stevens County area of the Hugoton field, the Wellington 
formation attains a thickness of 300 feet and in the Texas Panhandle 
the thickness ranges up to 450 feet. The Herington and other dolo- 
mite of lower Sumner varies from 65 feet in thickness in Stevens 
County, Kansas, to approximately 100 feet in Moore County, Texas. 
The Winfield and Fort Riley formations thicken from 130 feet in 
Stevens County, Kansas, to 300 feet in Moore County, Texas. 


ORIGIN AND MIGRATION OF GAS IN HUGOTON AREA 


There seem to be two possible sources of the gas in the Hugoton 
area. 1. It may have originated in and migrated through, the forma- 
tions in which the gas is now found, the lower Sumner and Chase 
groups. 2. It may have migrated from formations ranging in age from 
Ordovician to early Pennsylvanian which are truncated at the edge 
of the buried granite mountains of the Texas Panhandle, and which 
are known to contain oil and gas elsewhere in and along the flank of 
the Anadarko basin, into the Granite wash and porous dolomite over 
and along the flanks of the buried Amarillo mountains, then migrating 
through the porous dolomite known to be present under Moore, 
Sherman, and Hansford counties, Texas, into the porous dolomite, 


4 Henry Rogatz, “Geology of Texas Panhandle Oil and Gas Fields,’’ Bull. Amer. 
Assoc. Petrol. Geol., Vol. 19, No. 8 (August, 1935), pp. 1092-99. 
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dolomitic limestone, and limestone now productive of gas in Texas 
County, Oklahoma, and the counties of southwestern Kansas in- 
cluded in the Hugoton field.® 


TABLE II 
ANALYsIS OF GAs (PERCENTAGE) 
Stevens County Texas County Moore County 
Kansas Oklahoma Texas* 
Nitrogen 12.8 11.30 11.60 
Oxygen 2.0 -20 -68 
Carbon dioxide 0.5 .00 .80 
Methane 76.2 78.79 75.58 
Ethane 4.0 4.63 5.25 
Propane 2.6 3-30 3.73 
Butane 1.3 1.20 1.74 
Pentane 0.6 -62 


* Analysis of gas taken from well located in southern Moore County. 


5 Victor Cotner and H. E. Crum, “Geology and Occurrence of Natural Gas in 
Amarillo District,” Bull. Amer. Assoc. Petrol. Geol., Vol. 17, No. 8 (August, 1933), p. 
889. 
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GEOLOGICAL NOTES 


Preface.—The following report, “Classification and Nomenclature of Rock Units,” 
was prepared in 1932 by a joint committee representing the American Association of 
Petroleum Geologists, the Geological Society of America, the United States Geological 
Survey, and the Association of American State geologists to provide a uniform system 
of nomenclature in geologic literature. It was published in the Bulletin of the Geological 
Society of America, Vol. 44 (April 30, 1933), pages 423-459, and republished in the A.A. 
P.G. Bulletin, Vol. 17, No. 7 (July, 1933), pages 843-868. It is now again republished 
since it is not sufficiently available to younger authors. 

The American Association of Petroleum Geologists has continued the committee 
that helped write these rules, to see that they are followed in its publications and to 
help and advise its members on problems of nomenclature. The committee members 
are now scattered through the various active oil districts. The editorial department 
refers to the proper members of the committee all papers that deal with stratigraphic 
names, and their recommendations are sent to the editor. Final decision on the use of 
names rests with the editor and the executive committee. Members of this Association 
who wish to publish should become familiar with these rules and should consult with the 
local member on the committee on geologic names and correlations. 

The rules have not been materially changed since their adoption. Under Article 2 
on the rule of the application of priority, a note is added that a new publication, U. S. 
Geological Survey Bulletin 896, ‘A Lexicon of Geologic Names in the United States,” 
by M. Grace Wilmarth, is now available and reference should be made to it before new 
names are proposed. Under Article 17, the designation of subsurface units, a change 
has been made to require that when proposing a new name for a subsurface unit, the 
samples, fossils, and a copy of the electric log (if available) shall be filed with the WU. S. 
Geological Survey and with the Geological Survey of the state in which it is located. 

Joun G. BARTRAM, chairman 
Committee on geologic names and correlations 
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INTRODUCTION 
GENERAL STATEMENT 


The numerous problems involved in the scientific classification 
and nomenclature of rock units have long engaged the attention of 
geologists. The appended partial list of papers dealing with this sub- 
ject sufficiently indicates its scope and importance. Gradually, certain 
guiding principles have come to be recognized generally, and practices 
deemed good in. the classification and nomenclature of rock units have 
become fairly well established. There is much room, however, for de- 
velopment of the principles and especially for the more widespread 
application of what seem to be the best practices in using the prin- 
ciples. The larger geological surveys have, necessarily, given consider- 
ation to the formulation of rules to provide for their own publications 
a comparative uniformity in the method of classifying and naming the 
rock units treated by them. But such rules have not been propounded 
and widely disseminated with intent to promote their use by geologists 
in general. Except for the work of the International Geological Con- 
gress in 1go1 and earlier years, there has been no attempt by a repre- 
sentative group to write a body of rules or recommendations covering 
stratigraphic classification and nomenclature. Under these circum- 
stances, it is, perhaps, natural that geologic workers in North Amer- 
ica, whose number and scientific publications have increased greatly 
in recent years, should fail to have any reasonably uniform views as 
to certain principles or practices in the classification and nomenclature 
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of rocks. It is believed that the large majority of American geologists 
will welcome the carefully prepared recommendations that follow, 
which, it is hoped, will contribute significantly to the advancement 
of geologic research. 

HISTORICAL STATEMENT 


The following rules for stratigraphic classification and nomencla- 
ture, as recommended to the geologists of the United States, are an 
outgrowth of action initiated at the meeting of the Association of 
American State Geologists in Washington, D.C., in February, 1930. 
A committee of State Geologists, consisting of G. H. Ashley, C. N. 
Gould, and R. C. Moore, was appointed to consider the subject of 
variation in nomenclature of identical rock units on different sides of 
state boundaries and, with the invited aid of committees from the 
United States Geological Survey, the Geological Society of America, 
and the American Association of Petroleum Geologists, to consider 
the general subject of stratigraphic classification and nomenclature. 
Letters were addressed to the organizations mentioned, suggesting the 
desirability of a united effort to formulate principles and recom- 
mended practices that could be followed in classifying and naming 
rock units. As a result of this correspondence, H. D. Miser, T. W. 
Stanton, and G. W. Stose, of the United States Geological Survey; 
J. J. Galloway, B. F. Howell, and W. H. Twenhofel, of the Geological 
Society of America; and M. G. Cheney, C. J. Hares, and A. I. 
Levorsen, of the American Association of Petroleum Geologists, were 
designated as members of a general committee to study the subject 
indicated. 

The first meeting of the committee, held at the office of the Illinois 
Geological Survey, Urbana, April 30, 1930, was attended by Ashley, 
Cheney, Gould, Hares, Miser, Moore, and Stanton. C. N. Gould was 
elected chairman and R. C. Moore, secretary. The objectives of the 
committee and the means of accomplishing them were considered at 
length. It was decided that the committee should undertake to bring 
to the attention of geologists the rules of stratigraphic nomenclature 
of the committee on geologic names of the United States Geological 
Survey and the facilities of that committee for the determination of 
previous usage of stratigraphic names. At the request of the com- 
mittee, T. W. Stanton undertook to prepare a paper on the subject of 
stratigraphic classification and nomenclature. (This paper was sub- 
sequently published in the Bulletin of the American Association of 
Petroleum Geologists.) Subcommittees were designated to study and 
prepare reports on (1) principles of stratigraphic nomenclature, (2) 
interstate stratigraphic nomenclature, (3) problems of subsurface 
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stratigraphic nomenclature, and (4) the advisability of establishing 
methods for advice on special problems of stratigraphic nomencla- 
ture. 

The second meeting of the committee, held at the University of 
Toronto, Toronto, Canada, January 1, 1931, was attended by Ashley, 
Galloway, Gould, Howell, Miser, Moore, Stanton, Stose, and Twen- 
hofel, of the committee, and, by invitation, J. W. Beede, E. S. Moore, 
and E. M. Parks. Subcommittee reports were submitted and dis- 
cussed. The conclusion was reached that the chief effort of the com- 
mittee should be the compilation of recommended rules for the classi- 
fication and nomenclature of rock units, and that the committee 
should not seek to adjudicate specific, controverted questions of 
nomenclature. Prolonged consideration was given to various aspects 
of classification and nomenclature. 

Additional meetings of the committee or of several of its members 
were held in Washington in February, 1931, and at Tulsa, Oklahoma, 
in October and December, 1931. The final meeting of the general com- 
mittee was held at Harvard University, Cambridge, Mass., December 
29, 1932. Members present or officially represented were Ashley 
(Willard), Cheney, Hares, Levorsen (Moore), Howell, Moore, Stan- 
ton, Stose, Miser (Reeside), and Twenhofel. C. O. Dunbar, chairman 
of the National Research Council’s committee on stratigraphy, was 
also present. The subcommittee on principles of stratigraphic nomen- 
clature, under the chairmanship of T. W. Stanton, with H. D. Miser, 
R. C. Moore, M. G. Cheney, and W. H. Twenhofel, as members, 
formally offered, as its report, a draft of proposed rules for classifica- 
tion and nomenclature of rock units, essentially in the form that 
follows. This draft had been prepared by J. B. Reeside, Jr., and W. W. 
Rubey, under the supervision of H. D. Miser, and had previously been 
submitted to all members of the general committee for criticism, so 
that, in addition to suggested alterations brought up at the Cambridge 
meeting, some slight modifications, together with a strong general 
endorsement, were received from members absent from this meeting. 
The report of the subcommittee was unanimously adopted, and sin- 
cere thanks were extended for the arduous, painstaking labors of the 
subcommittee in drafting the code. Prior to the present publication, 
a revised, complete draft of the code has been submitted to all mem- 
bers of the general committee, and the recommended rules are now 
placed before the geologists of America. 

~ Final action of the committee before adjournment of the Cam- 
bridge meeting was the approval of a motion that specific questions as 
to interpretation of the rules, that from time to time may be raised by 
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geologists, should be referred to the committee on stratigraphy of the 
National Research Council, of which C. O. Dunbar, Yale University, 
is the present chairman. It was also agreed that the committee on 
stratigraphy should be asked to prepare written opinions on such 
questions, in order that the questions-and opinions might be pub- 
lished at suitable intervals. This will provide a mechanism analogous 
to that of the International Committee on Rules of Zodlogical Nomen- 
clature, by which questions involving principles and the interpreta- 
tion of doubtful points in the rules may receive consideration by a 
qualified, representative group of geologists who are special students 
of stratigraphy. It is well understood that no opinion of the com- 
mittee, nor, indeed, any of the rules for classification and nomencla- 
ture here offered, can be mandatory upon geologists. The rules and the 
opinions constitute simply recommendations. The committee on 
stratigraphy of the National Research Council, through its chairman, 
has tentatively accepted the responsibility of carrying forward this 
continuing study of the rules and, presumably, will be the agency that 
may suggest modifications or amendments of the rules, if and when 
these seem desirable. It is perhaps unnecessary to state that the com- 
mittee on stratigraphy will not undertake to offer opinions on specific 
questions of fact or on problems of correlation. Its proposed function 
is rather to clarify principles and to interpret the application of the 
rules. Such interpretation may involve specific questions, such as the 
advisability or inadvisability of employing a given stratigraphic term, 
where application of the rules is in doubt. Every question submitted 
to the committee on stratigraphy should be clearly stated in the form 
of an explicit query as to application of the rules and should be accom- 
panied by a concise statement of considerations, pro and con, together 
with complete citations of the literature. The committee will, of 
course, decide whether a given question, submitted to it, is pertinent 
for its consideration. 


RULES FOR CLASSIFICATION AND NOMENCLATURE OF ROCK UNITS 
PREAMBLE 


Uniform procedure is essential in dealing with the taxonomy of 
rock units. The need for such uniformity can be shown, merely by 
pointing to the duplication and multiplication of names; to the differ- 
ing concepts as to the meaning of common, everyday terms, as re- 
vealed in their use; to the discordant classifications proposed by 
different geologists; and to other confusing features prevalent in 
stratigraphic literature. Without some guide toward uniformity this 
situation is unavoidable, for geologists deal much with matters of 
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opinion, they are of different temperaments, have had different train- 
ing for their work, and, generally, have studied unlike parts of the 
continent or world. 

The greatest aid to uniformity would seem to be regulation by a 
common code of guiding principles to be followed in the classification 
and naming of rock units. Necessarily, such regulation would be some- 
what restrictive to each individual’s freedom of action. Yet, if a code 
of guiding principles that is generally acceptable to geologists can be 
formulated, the net effect is certain to be much more beneficial to 
everyone concerned than it is harmful to any individual. 

No code of procedure can be set up that will be entirely adequate, 
nor will any classification and nomenclature created under it be more 
than a temporary, but convenient, working arrangement. Geology is 
an active science: knowledge increases, and ideas change. Moreover, 
any attempt whatever to impose a man-made classification upon a 
natural system is certain to meet many difficulties: they are inherent 
and unavoidable, and classification of rock units is no exception to 
the rule. 

Furthermore, no codification of rules can be completely satis- 
factory to all. Points of view differ, and any code that will receive 
general acceptance must, inevitably, represent many compromise 
agreements. Because of these inevitable compromises, it is, perhaps, 
too much to expect that any system of classification and nomenclature 
can be strictly logical and entirely consistent throughout for an area 
as large as North America, but it is reasonable to expect that a code 
of principles will reduce these inconsistencies to a minimum. 

It is, therefore, with no delusions of perfection that this code, 
based on many years of accumulated experience, is offered, but with 
the conviction that it will be helpful in spite of its imperfections. 

The plan of the code rests on two basic requirements: (1) in essen- 
tially all types of geologic investigation (whether economic, structural, 
physiographic, historical, or paleontologic) local rock sequences must 
be divided into separate rock units; (2) for purposes of cartographic 
representation, intelligible description, and historical interpretation, 
these local rock units need to be correlated with other and better 
known units in other areas. 


SECTION 1.—GENERAL CONSIDERATIONS 
Article 1.—Three general classes of rocks are recognized, as fol- 
lows: 
(1) Sedimentary, including all rocks formed by aqueous, organic, 
glacial, and eolian agencies. 
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(2) Igneous, including all rocks that have been solidified from a 
molten condition, both volcanic and plutonic. 

(3) Metamorphic, including altered rocks of either sedimentary or 
igneous origin in which the acquired characteristics are more promi- 
nent than the original characteristics. 


Remarks.—Deposits whose classification is debated or which do not fall clearly 
within one of the above-enumerated classes may also be recognized such as éalus, 
landslides, pyroclastic rocks, veins, and residual ores. 

Article 2.—The following divisions or units of rocks are recognized: 

(1) System, a standard, world-wide division; contains the rocks 
formed during the fundamental chronologic unit, a period. (See 
Article 24.) Example, Devonian system. 

(2) Series, a major’ subdivision of a system; contains the rocks 
formed during a major subdivision (an epoch, in its widest sense) of a 
period. (See Article 24.) In part, the series, as actually used in the 
United States, is nearly an equivalent of the compar«le European 
subdivision—for example, Lower Devonian series, Eocene series; in 
part, the series is a convenient unit, of size approaching that of the 
comparable European subdivision but not necessarily equivalent to 
it. In this second usage, a provincial name may be applied—for 
example, Comanche series, Shasta series, Cincinnatian series. 

(3) Group, a local or provincial subdivision of a system, based on 
lithologic features. It is usually less than a standard series and con- 
tains two or more formations. (See Article 12.) Example, Mesaverde 
group. 

(4) Formation, the fundamental unit in the local classification of 
the rocks. (See sections 2, 3, and 4.) 

(5) Member, lentil, and tongue, subdivisions of a formation. (See 
Article 14.) 

(6) Bed, stratum, and layer, the smallest units recognized in classi- 
fication. (See Article 16.) 

(7) Zone, a subordinate unit containing the rocks deposited during 
the time of existence of a particular funal or floral assemblage. It 
may be of the magnitude of a bed, a member, a formation, or even a 
group. (See Article 16.) 


Remarks.—(a) No term for a rock unit codrdinate with era (see Article 24) is in 
common use, though group was, at first, chosen for this purpose by the International 
Geological Congress, and later abandoned. The term stage was adopted by the Congress 
for rock units that are subordinate to series, but in America this term has almost no 
usage other than as a time term for major subdivisions of the Pleistocene epoch—for 
—- Wisconsin glacial stage, Yarmouth interglacial stage. 

(6) The term horizon is not included in the above list, for it denotes merely position. 
A horizon has no thickness, being merely a stratigraphic level, or plane. 

(c) In the designation of series, where Lower, Middle, and Upper are used in con- 
junction with the name of a system, the initial letter shall be capitalized. All other uses 
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of lower, middle, and upper shall be written with a small letter. None of the designations 
of units—systems, serves, group, formation, etc—shall be written with a capital initial. 

(d) Systems, series, groups, and formations are customarily given formal names; 
members, lentils, and tongues are commonly, though not necessarily, named; beds, 
strata, and layers are rarely given formal names, though in the economic applications 
of geology informal names for such units are not uncommonly used. (See Article ss 
Zones are customarily given a paleontologic name (generic or specific.) (See Article 16. 

(e) Systems, series (in part), and zones imply a time element as an essential feature 
in their discrimination. Series (in part), groups, formations, members, lentils, tongues, 
beds, strata, and layers are based on lithology and may not correspond to specific, wide- 
spread time divisions; therefore, they differ essentially from the other three. 

(f) A special, limited use of series, sanctioned by custom, is that in which it is ap- 
plied to igneous rocks. (See Article 20, paragraph g.) 


Article 3.—For general classification, the formations shall be re- 
ferred to systems, which are defined as the assemblages of rocks 
formed during the fundamental time units, a periods. (See Articles 
23 and 24.) 


Remarks.—In general, the definition and limits of the systems and the correlation 
of the local representatives of the standard systems are determined primarily by paleon- 
tology and secondarily by structural and stratigraphic relations. The exceptions are the 
Quaternary system and the systems recognized in the pre-Cambrian. The criteria for 
definition of the Quaternary, for determination of its beginning, and for correlation 
within it are based primarily upon the concept of widespread climatic changes contem- 
poraneous with the several glaciations of the Pleistocene epoch. The characters by 
which the pre-Cambrian systems are discriminated are lithologic and structural. 


Article 4——The formation is the fundamental unit in the local | 
classification of rocks. The larger units, groups and series, may be 
regarded as assemblages of formations and the smaller units as sub- 
divisions of formations. 


Remarks.—The word formation is to be used as the designation of a specific unit, 
not as the general term representing the results of a mode of formation, though this 
usage has had some currency, as, fluvial formation, lacustrine formation, etc. The words 
rocks and deposits are often used in such phrases and seem to serve satisfactorily. 


SECTION II.—SEDIMENTARY ROCK UNITS 


Article 5.—The discrimination of sedimentary formations is based 
on the local sequence of rocks, lines of separation being drawn at 
points in the stratigraphic column where lithologic characters change 
or where there are significant breaks in the continuity of sedimenta- 
tion or other evidences of important geologic events. As thus con- 
ceived, the formation is a genetic unit, which may represent a long or 
short period of time, which may be composed of materials from differ- 
ent sources, and which may include minor breaks in the sequence. 
Exceptionally, as a matter of expediency, a formation may include 
major breaks in the sequence. 


. Remarks.—(a) The selection of formations shall be such that they will best meet the 
practical and scientific needs of the users of geologic maps. It is, generally, impossible 
to represent on a map the limits of each lithologic change, and the geologist must select 
for the limitation of formations such horizons of change as will best express the geologic 
development and structure of the region and will give to the formations the greatest 


The 
4 
| 
; 
ike 


1076 GEOLOGICAL NOTES 


racticable unity of constitution. In determining this unity of constitution, all available 
es of evidence, including lithologic constitution, fossil content, structural relations, 
and unconformities, shall be considered. 

(5) In general, lithologic constitution is accepted as the controlling basis of sub- 
division, partly because of its usefulness and immediate availability in mapping, and 

rtly because of its —_ and economic significance. Each formation shall contain 

tween its upper and lower limits, either (a) rocks of one dominant lithologic type or 
facies, or (b) a repeated interlamination of rocks of two or more lithologic types or 
facies, as, for example, an alternation of shale and sandstone. There may, in some areas, 
be justification for a formation marked by extreme heterogeneity of constitution, but 
that, in itself, may constitute a form of unity. 

(c) Where the passage vertically through a sequence of beds from one type of 
rock to another appears to be completely gradational, it may be necessary to separate 
two contiguous formations by an arbitrary line. Or paleontologic evidence may indicate 
that a sequence of closely similar lithologic character does not represent essentially con- 
tinuous deposition, but includes an important, but obscure, unconformity, and that a 
separation into two formations is desirable. Under such circumstances, it may be neces- 
sary to depend, almost entirely, on the contained fossils, in separating the formations. 
Nevertheless, a unit distinguishable from the enclosing rocks only by its fossils shall 
not, a seme constitute a formation, but is properly classified as a paleontologic zone. 

ormation in hand concerning a sequence of beds may be inconclusive as to the 
advisability of division—for example, as to whether a sequence of similar beds, con- 
taining upper Mississippian fossils in the lowermost part and lower Pennsylvanian 
fossils in the uppermost part, is continuous or is broken by a considerable hiatus. Or, 
in practical work, it may not be useful to make a division, even though evidence is in 
hand—for example, where a break is known within a sequence of beds whose lithology 
is virtually identical above and below the break, and which has never been separated 
into units by any mapping or other continuous general study. Such a formation, as thus 
recognized, may include a major break, though it is ordinarily expected that later work 
will make division of the unit feasible. 

(d) Although the practicability of mapping is usually an essential feature, and, 
indeed, may be the chief factor, in the discrimination of a formation, it may, under 
exceptional conditions, be waived. It may be impracticable to show separately, even on 
a fairly detailed map, thin rock units which, by various other criteria, are valid forma- 
tions. 

(e) The thickness of a formation is not a determining feature in its discrimination. 
A formation only ro feet thick may be adjacent to another 5,000 feet thick. 


Article 6—Inasmuch as a formation is conceived as a genetic unit 
formed under essentially uniform conditions or under an alternation 
of conditions, and inasmuch as such environmental conditions were 
local as well as temporary, it is to be assumed that each formation is 
limited in horizontal extent. The formation should be discriminated 
and should be called by the same name as far as it can be traced and 
identified by means of its lithologic character particularly, but also 
by its stratigraphic association and its contained fossils. It is not 
necessary that a formation be of precisely the same age at different 
localities, and there may be marked difference in age from place to 
place. 

Remarks.—(a) It is customary, particularly where exposures are not continuous, 
to give different names to deposits of different lithologic constitution, even though they 
may be essentially contemporaneous—for example, a unit of chalk in one area and a 
unit of shale in another (as Smoky Hill chalk, Kansas, and A pishapa shale, Colorado), or 
of limestone in one area and other rocks in another area (as Twin Creek limestone, 
Wyoming, and Carmel formation and Entrada sandstone, Utah). There have been some 


exceptions to this practice, however, where a formation changes within relatively 
narrow lithologic limits and very gradually from one lithologic facies to another and 
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yet retains its original stratigraphic association and carries the same fauna—for exam- 
ple, Ottosee limestone and Ottosee shale, Warsaw limestone and Warsaw shale, Athens lime- 
stone and Athens shale, in each of which the shale is calcareous. It is desirable, where one 
name is applied to different lithologic facies, that there be approximate continuity of 
exposures, and it is not good practice to extend a name across considerable gaps in 
exposure to other units of different lithologic constitution—for example, to carry the 
name Onondaga from its original limestone facies in New York to a green shale in Vir- 


ginia. 

(6) On the principle that similar lithologic constitution shall be the essential char- 
acter in the extension of a name away from its type area, and that difference in age from 
place to place is permissible, the same name may be applied for cartographic purposes 
to a lithologic unit which, elsewhere than at the type locality, includes either a greater 
or a smaller stratigraphic interval. It is conceivable that exceptionally the interval 
covered by such a name may, at some localities, have no part in common with that in- 
cluded in the unit at its type locality. However, if appropriate lithologic units can be 
discriminated, or if convenient geographic divisions can be made, it is well to avoid such 
extremes. Examples of formations which are believed to include different intervals from 
se to place are the Saint Peter sandstone, Dakota sandstone, Trinity sand, Catskill 

ormation, Mancos shale, and Lewis shale. 

(c) Where, in a limited region, the named lithologic units are relatively numerous, 
and there are, in addition, many lateral changes in lithologic constitution within rela- 
tively short distances, the lateral extension of names presents particular difficulties. 
The nomenclature, if carried out on the usual basis, becomes so complicated as to lose 
its usefulness. For example, the Pennsylvanian rocks of Kansas and Nebraska have 
been divided into many thin units. At places, the components of a series of alternating 
limestone and shale units pass into an indivisible shale body. The problem is thus pre- 
sented of what name, or names, to apply to the shale body, whose recognizable bounda- 
ries change abruptly as each limestone bed disappears from the sequence. A specific 
example is the sequence that includes, in ascending order, the Lane shale, Wyandotte 
limestone, Bonner Springs shale, Plattsburg limestone, and Vilas shale. Laterally, 
the Wyandotte limestone passes out and the Lane and Bonner Springs shales form one 
body; then the Plattsburg limestone passes out, and the Vilas shale is added to the other 
shale units to form one shale body. Farther on, the Plattsburg limestone appears again, 
but the limestone beneath the Lane shale passes out, and the Lane, Bonner Springs, and 
an older shale (Chanute) form one unit. If to each of these distinct shale intervals is 
given an individual name, there results within a relatively small area, a large number of 
names representing units that are continuous laterally and indistinguishable by litho- 
logic features. It is simpler, and it is permissible under such special conditions, to extend 
to the combined units the names of the lowermost and uppermost units of the complete 
sequence that enter into the combined units, separating the names by a hyphen. Thus, 
the combined units cited above would be called the Lane-Bonner Springs shale, the 
Lane-Vilas shale, and the Chanute-Bonner Springs shale, respectively. 

(d) Such a phrase as shale of Warsaw age shall not be construed as specific exten- 
— the geographic part of the name into a region where it has not previously been 
applied. 


Article 7.—All sedimentary formations shall receive distinctive 
designations. In general, the names should be binomial, the first part 
being geographic, and the other, ordinarily, lithologic (as, Dakota 
sandstone), though if the formation consists of beds differing greatly 
in constitution, so that no single lithologic term is appropriate, the 
word “formation” may be substituted (as, Monmouth formation). 


Remarks.—(a) The only exception to the naming of sedimentary formations is that, 
in some areas, superficial units, such as alluvium and terrace deposits, are mapped but 
are only in part named. 

.(b) The geographic term should be the name of a river, town, or other natural or 
artificial feature at or near which the formation is typically developed. A specific local- 
ity should be cited which shows a typical development of the unit, and it need not be the 
= from which the geographic name is taken, though it should not be far re- 
moved. 
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A formation should not be named from the source of its materials—for example, 
Keewatin drift, for materials derived from the Keewatin center. 

(c) Names taken from natural features are generally preferable, because less change- 
able, to those of towns or politicai divisions. Names derived from evanescent sources 
such as the ownership of farms or ranches, are particularly objectionable but such names 
are permissible if no others are available. 

(d) Geographic names consisting of more than one word should be avoided. De- 
scriptive terms, such as mountain, river, creek, gulch, fort, and city, shall, in general, be 
excluded from new names, and it is desirable, where practicable, to drop such terms 
from old names, but it may be necessary in a few cases of scarcity of names to retain the 
terms for distinction from a prior name. 

(e) The rulings of the appropriate national board, such as the United States Geo- 
graphic Board, should govern the spelling of geologic names derived from geographic 


names. 

Y Precise duplication of geographic names of sedimentary units shall not be al- 
lowed, except as a most urgent necessity because of the scarcity of available names or 
other conditions, and then only if geographic and stratigraphic separation is such as to 
preclude any possible chance of confusion. This rule shall apply with less rigidity to 
duplication of the name of a sedimentary unit for an igneous unit, but such duplication 
is permissible only for widely separated localities. (See Article 9.) Known synonyms 
should be eliminated as far as possible, though experience has shown that such elimina- 
tion is sometimes prevented or long delayed by local or political or ‘personel considera- 
tions. 

(g) When it seems useful to refer to an obsolete or abandoned formal name, the 
status of the name should be made clear by some such term as abandoned or obsolete; 
or, this may be indicated by using the name preceded by a dagger, as {Lafayette gravel, 
tLa Plata sandstone of Cross. A name, once current and then abandoned, is no longer 
available for any use other than that of restoring the original usage. (See Article 9.) 

Some organizations maintain an official list of adopted names. It sometimes be- 
comes necessary in publications of the organization to use a name not yet adopted or 
sponsored by the organization. Or, an individual author may wish to use a name, al- 
ready in the literature, that he does not care to sponsor. Such a name may be used, in a 
quotational sense, with an added phrase: as, the Jonesville formation of Smith. 

(4) A name that suggests some well-known locality, region, or political division 
shall not, in general, be applied to a formation or other unit typically developed in an- 
other less well-known locality of the same name. It would not, for example, be advisable 
to use the name Chicago formation for a unit in California. 

(4) Names based only on petrographic or paleontologic features are not to be used 
as formal names in place of geographic names—for example, Corniferous, Magnesian, 
Crinoidal, Saccharoidal. Where such names have been applied in the past but have been 
replaced by geographic names, they shall, if used, be placed in parentheses and quota- 
tion marks, as Ames (“Crinoidal’’) limestone. 

(j) Generally accepted petrographic or genetic terms shall be used for the lithologic 
part of a formation name; as, limestone, sandstone, shale, tuff, lake beds, fanglomerate, 
mud flow, channel sandstone, redbeds. Combined terms, such as sand and clay, shall not 
be used for the lithologic part of the names of sedimentary units of formation rank, nor 
shall an adjective be used between the geographic term and the lithologic term; as, 
Chattanooga black shale and Biwabik iron-bearing formation. W aterlime is not recognized 
as a lithologic term and is to be replaced by limestone. 

(&) Prior usage shall not prevent greater exactness in lithologic designation result- 
ing from further work on a formation, as, for example, to replace limestone by dolomite, 
or shale by mudstone, but unfamiliar or complicated petrographic names should not be 
thus introduced. 

(2) Sedimentary and volcanic rocks that are interbedded and inseparable may be 
assembled into a formation under one name. 

(m) If applied to indefinite or local subdivisions of stratigraphic units, the ad- 
jectives lower, middle, and upper shall not be capitalized, except where the term is 
quoted and the quotation indicated—for example, Lower Atlantic Miocene of Heilprin. 

(n) Neither the lithologic part of a formation name nor the word formation shall 
be capitalized. 

(0) Where the omission of descriptive terms is compatible with clearness, or where 
frequent re as would make a cumbersome style, the geographic name may be used 
alone; as, the Burlington, for the Burlington limestone. 
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(p) It is permissible to use such expressions as the formation or this formation in 
reference to a formation, even though it is formally designated sandstone, limestone, or 
some other lithologic term. 

(q) Geologic provinces do not coincide with political units. Nevertheless, forma- 
tions are, in general, limited in extent, and for this reason it is generally inadvisable 
to extend into a country the use, for formations and members, of geographic names de- 
rived from localities in another country. It may, however, prove advisable to adopt the 
names of well-established units that cross international boundaries. It is desirable to 
avoid conflict of well-known names between different countries. (See paragraph f.) 

(r) Names of soils are not regarded as geologic names and do not conflict with 
raphic names. 

Names applied to morainic deposits are in a special class (see Article 18) and 
do — conflict with stratigraphic names, even in the same region, though usage in these 
matters should be considered. 

(#) The name of the formation in which fossils of a described fauna or flora are 
found shall be given in the description of each species, even if the title of the paper 
would seem to imply that all the fossils came from the same formation. 


Article 8—Each new formation that receives a formal name must 
be explicitly defined at the time of its proposal, though this rule shall 
not be construed as invalidating well-established names. The defini- 
tion must cite the geographic feature from which the name is taken. 
It should cite, also, a specific locality at which the unit is typically 
developed, and should include a statement of the important facts 
that led to the discrimination of the formation and a statement 
of the characteristics by which it may be identified, whether by 
geologist or by layman. 


Remarks.—(a) It is requisite that a pro of a new unit be duly published 
—- one of the usual agencies of scientific publication before it shall have any 

ity 

It is difficult to define specifically what is meant by the phrase “usual agencies of 
scientific publication.” Size of edition is not, in itself, a determining factor. Form of 
publication (type printing, mimeographing, lithography) i is not a determining factor— 
that is, for example, mimeographed matter may constitute valid publication. Availa- 
bility to the scientific public is the chief determining factor. A publication must be 
generally available, either on request or by purchase. Publication in a well-known 
regularly issued, numbered series naturally meets this requirement. Many independent 
publications also meet it, though it is needful for independent publications that some 
form of notice of publication appear in scientific journals. Such ephemeral issues as the 
press notices of the United States Geological Survey are not to be considered agencies of 
publication under this rule. These press notices, for example, are not issued in a series 
and are not recognized in the organization’s own list of publications. Proposals of names 
in informal or restricted mediums, such as letters, company reports unavailable to the 
public, or unpublished addresses, shall have no status in stratigraphic literature. Publi- 
cation in newspapers and commercial or trade journals is not valid publication. 

It is requisite that there be definite intent on the part of the author to establish a 
new name. Mere casual mention, such as “the formation at Jonesville schoolhouse,”’ 
shall not establish a new name; nor shall bare use without definition, as in a table or a 
columnar section, establish a new name. 

(b) Among the details given in the description of a sedimentary formation should 
be included a summary description of the lithology, a detailed section at, or near the 
geographic feature from which the unit is named (see Article 7, b), a statement of the 
variations in thickness, a statement of the distribution of the formation, a list of the 
contained fossils or, at least, of the significant fossils, a description of the upper and low- 
er contacts, a statement of the physiographic expression of the formation, and an inter- 
pretation of the correlation and age. 


Article 9.—In the application of names to formations, the rule of 
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priority, that the first geographic name applied to any unit and duly 
published shall be accepted, shall generally be observed; but a name 
that has become well established in use shall not be displaced, merely 
on account of priority, by a term not well known or only slightly used. 
A name that has previously been applied to any unit shall, in general, 
not be later applied to another unit. 


Remarks.—Priority shall be defined as priority of date of publication. (See Article 
8.) Other things being equal, page precedence should decide, as in other sets of rules 
governing scientific nomenclature. 

The term “well established,’ as used in this article, is difficult to define specifically. 
The acceptance of a name by several authors is generally taken as establishing it. [Au- 
thors should refer to U. S. Geological Survey Bull. 896, “A Lexicon of Geologic Names 
in the United States,” by M. Grace Wilmarth, to determine whether their proposed 
names are available and suitable.] 


Article 10—The redefinition of a unit to change its content of 
rocks, where such change is demanded by later work, does not neces- 
sarily render renaming advisable. 


Remarks.—The immediate circumstances must determine whether, for example, 
the Pinkney formation of an older classification shall become, in later elaboration, the 
Pinkney group, containing several formations, or shall be divided into a restricted 
Pinkney formation and one or more other formations; or whether the shifting of one or 
both boundaries will make the unit more natural and reasonable. 


Article 11.—The rank of a unit, where circumstances dictate, may 
be changed without changing its name or its content of rocks. It is 
thus possible for a member to become a formation, or a formation to 
become a group; or the process may be reversed. 


Remarks.—(a) An assemblage of rocks may change its thickness or character 
notably from one region to another, to such an extent that, for cartographic purposes, 
(1) a member may become a formation; (2) a formation, with or without named mem- 
bers, may become a group; and (3) a formation may become a member. For example, 
the Morrow is recognized as a formation in Oklahoma and as a group in Arkansas; the 
Osgood formation, Laurel dolomite, and Waldron shale of Indiana are classed as mem- 
bers of the Wayne formation in a portion of Tennessee; the Virgelle sandstone is a for- 
mation in western Montana and a member of the Eagle sandstone in central Montana. 

(6) In the inevitable subdivision of rocks, as work progresses in a given region, it 
often becomes desirable to change the rank of a unit, without changing its content of 
rocks—for example, the Mesaverde formation of early work on the Mesa Verde, 
Colorado, became, in later work, the Mesaverde group, containing three formations. 

(c) In changing the rank of a unit, or in redefining the unit, it shall not be permis- 
sible to apply the same name to the unit and to a part of it—for example, the Astoria 
group not contain an Astoria sandstone, nor the Washington formation a Wash- 
ington sandstone member. 


Article 12.—Formations may be assembled to constitute groups 
and series. Ordinarily, the series is divided into groups, but groups 
may be constituted without the recognition of series. 


Remarks.—(a) These minor aggregates should be so formed as to express the natu- 
ral relations of the formations of the particular region or province, rather than to con- 
form to the divisions recognized elsewhere, though they may prove to have a wider 
distribution. 

(b) Sedimentary and volcanic rocks may be assembled into a group under one 
name, where such association is useful. 
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Article 13.—Groups shall receive geographic names, which shall 
be subject to the same restrictions and regulations as apply to forma- 
tion names. Provincial names applied to series shall also be subject 
to these restrictions and regulations. (See Articles 7, 9, 10, and 11.) 


Remarks.—(a) Where accepted units are, for any reason, not separated in the field, 
or where, because of the technical difficulties of representation on maps, they are not 
shown separately, it may become necessary to consider together formations or groups 
that are not ordinarily combined into a group or series. For these informal aggregates, 
the names of the constituent formations or groups should be stated—for example, 
Dakota and Morrison formations; Washita and Fredericksburg groups; Burlington lime- 
stone, Sedalia limestone included at the base; Plattin limestone, Decorah formation included 
at the top. Where the formations have not been separated in the field, it is common to 
add the word undifferentiated. 

In map explanations and elsewhere, it is customary to name the units in order of 
age, the youngest first; but where one unit is more conspicuous than the others, it may 
be desirable to depart from this order. 

Where more than two units are combined, it is, ordinarily, better to list the units, 
though the names of the youngest and oldest units may be used, united by the word éo. 

6) In the naming of groups, a lithologic term is not necessary, but in the case of 
a group composed of formations of one dominant lithologic type, the appropriate litho- 
logic term may be combined with the group name; as Ohio shale group, Stones River 
limestone group. 


(c) The term group may be applied in reconnaissance work, particularly in Alaska, ~ 


to assemblages of rocks that have some stratigraphic unity but that have not yet been 
subdivided. It is to be expected that in later work, such groups will be divided into 
named formations. 

Article 14.—When, for scientific or economic reasons, it is desirable 
to map, or simply to recognize, one or more specially developed parts 
of a varied formation, such a part should be called (1) a member, if it 
has considerable geographic extent; (2) a Jentil, if it has slight geo- 
graphic extent; (3) a ¢ongue, if it is known that in one direction it 
wedges out, laterally, between sediments of a different lithologic con- 
stitution, and in-the other direction, thickens and becomes part of a 
larger body of like sediments. 


Remarks.—The proper designation of these lesser units rests largely on the acci- 
dents of exposure. In all probability, the form they happen to present is a result of the 
direction in which erosion has cut into them. A body revealed as a lentil might have 
been a narrow tongue, or a wide tongue might have been a member if cut in another 
direction. 


Article 15.—Members and coérdinate subdivisions shall be named 
in the same manner as formations (see Articles 7, 9, 10, and 11), 
except that it is usually not advisable to name all members, and that, 
in the formal name, it is necessary to add the word member, lentil, or 
tongue to the lithologic designation. Example, Wedington sandstone 
member of the Fayetteville shale. 


Remarks.—(a) Where the distinction of a unit of member rank depends on some 
preperty not expressed by the lithologic noun alone, the insertion of an adjective is 
So example, Roundtop red sandstone member; and the adjective may even 

substituted for the lithologic noun where this is the same as that of the formation— 
for example, Mowry siliceous member of the Graneros shale. 

(6) It is not necessary that members, named or unnamed, be mapped. If all of a 
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series of units are extensive and are named and pes on a scale of 1 mile or more to 
= inch, it is generally desirable that they be considered formations rather than mem- 


rs. 
(c) If no one lithologic or descriptive term is appropriate, a member may be desig- 
nated by a geographic name, without a lithologic term—for example, Morales member 
of the Santa Margarita formation. 

(d) Where members of formations are continuous for long distances, as in the 
Pennsylvanian and Permian rocks of Kansas and Nebraska, it may be desirable to 
name all members of a formation. 

(e) The use of the words, member, lentil, and tongue, as portions of the formal 
geologic name is advisable in: 

(1) Columnar and stratigraphic sections—for example, Parkhead sandstone 


2} Tables and lists of contents. 
4) Formal statements and discussions of stratigraphy. 
5) Map explanations. 
6) Formal, detailed descriptions of fossils. 
These terms may not be necessary: 
(1) Where the geologic name is given in parentheses—for example, sandstone 
16 feet (Parkhead). 
(2) Where omission of all descriptive terms is compatible with clearness. 
t3} In referring to beds of only economic importance. 
(4) Where frequent repetition in small compass makes cumbersome English. 


Article 16.—Units of less than member rank—for example, in- 
dividual beds—shall not, in general, receive formal names. Informal 
or colloquial names may be applied, if expedient, such as the names 
in common use, in the economic applications of geology, for coal beds, 
oil sands, or quarry layers. These names, as such, shall not have a 
part in formal stratigraphic nomenclature. However, such units may 
be taken into the formal nomenclature by the assignment of a geo- 
graphic name and designation as a member or formation, and when 
so adopted, the member or formation name shall be used first and the 
informal name added in parentheses. 


Remarks.—(a) Trade names or other informal names shall be taken into consider- 
ation in the selection of a formal name for the geologic units to which they are applied; 
but the rule of priority need not be rigidly applied in the adoption of such a name, if it 
is found that various names have been applied in different areas to the same geologic 
unit. 

(6) Although it is generally inadvisable to apply formal geographic names to 
units of less than member rank, it is conceivable that such usage may sometimes serve 
a useful purpose—for example, in describing a very thin but widespread bed such as 
the unit commonly called the Hounsfield metabentonite. 

(c) The application of identical geographic names to several minor units in one 
vertical sequence is always to be considered informal nomenclature—for example, the 
lower Mount Savage coal, Mount Savage fireclay, upper Mount Savage coal, Mount Savage 
rider coal, and Mount Savage sandstone. So, also, is the application of identical geogra- 

hic names to the several lithologic units constituting a cycle of sedimentation, such as 
is described for certain Carboniferous rocks. This sort of informal duplication of geo- 
graphic names for units of differing constitution in a vertical sequence should be distin- 
guished from the formal duplication permitted for lateral change in lithologic constitu- 
tion within the same stratigraphic interval. (See Article 6.) 

(d) A minor subdivision, based primarily on fossil content, may be designated a 
zone and named after a characteristic fossil, as H ypothyris cuboides zone, or a character- 
istic genus, as Dufrenoya zone. Such informal terms as cephalopod zone are permissible, 
but they shall not have a part in formal stratigraphic nomenclature. An informal de- 
scriptive term, such as Lecanospira-bearing limestone, is permissible, and so, also, are 
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such quoted terms as “‘Lecanospira limestone” or ‘‘Lecanospira beds,” where such terms 
are already in the literature and it is desirable to show their relations. (See Article 2.) 


Article 17—Subsurface units shall be given formal names only 
where names are necessary for adequate presentation of the geologic 
history of the region. 


Remarks.—(a) Subsurface units, recognized and named from well logs with the as- 
sistance of data derived from cuttings or cores, have a special status by virtue of the 
fact that the type data are usually indirect and the type locality, at best, is accessible 
only during the original work. Even when all materials are preserved by the original 
author and can be inspected by later students, it will never be possible to repeat the 
original work in the same manner as when dealing with exposed formations. It is de- 
sirable, therefore, to keep the number of formal names applied only to subsurface units 
as small as possible. 

(6) Names applied to subsurface units shall be governed by the same restrictions 
and regulations as prevail for exposed units. (See Articles 7, 9, 10, and 11.) 

(c) When it becomes possible to correlate a named subsurface unit with a named 
surface unit, the name of the surface unit is to be applied, even though the subsurface 
name has priority. 

(d) In proposing a new name for a subsurface unit, it is desirable to describe, for the 
type section, the following features: 

(1) Location of the type-locality well, as accurately as possible; name of oper- 
ating company or individual; date of drilling; results and present status 
of the well; elevation of surface at the well and depth to top and bottom 
of the new unit. ~» 

(2) Lithology, upper and lower contacts, and drilling characteristics (hard, soft, 
sticky, etc.) of the new unit. 

Fauna and flora. 

4) Nature of underlying and overlying units. 

(5) Correlation and position in the general stratigraphic scale. 

(6) Present location of the cuttings or samples. 

(7) Present location of the fossils. 

(8) Log of the well. 

The cuttings and the fossils, accompanied by copies of the log, should be placed in 
some official, permanent depository. [A later ruling by the A.A.P.G. is that the sam- 

les, fossils, log, and‘electric log (if possible) shall be filed with the United States Geo- 
ogical Survey and with the geological survey of the state in which it is located.] 


Article 18.—In the naming of surficial deposits that are chiefly of 
Tertiary and Quaternary age, geographic names may be used; but, in 
general, formal names shall not be applied to deposits of merely local 
extent. Names for general or widely recognized units, such as the 
Wisconsin till, shall be subject to the restrictions and regulations that 
apply to other stratigraphic names, but informal names for distinctly 
local deposits and physiographic names for land forms shall not be so 
subject. (See, also, Articles 2, paragraph a; 7, paragraph j; and 26.) 


Remarks.—(a) In the past, constructional land forms—that is, land forms built up 
of superficial deposits—have been somewhat confused, in the nomenclature of parts of 
the ——- and Quaternary, with the deposits themselves and with the time intervals 
represented by their formation. Constructional land forms and destructional land forms 
record the geologic events of certain time intervals; and, in many places, such land 
forms occurring in series, afford the best record of the local sequence of events and the 
best basis for regional correlations. Yet, in spite of the fact that they have this time 
significance, constructional land forms, as such, are no more properly considered strati- 
graphic units than are destructional land forms. Hence, the geographic names applied 
to constructional land forms, apart from deposits, do not fall within the field of strati- 
graphic nomenclature, although the names that are applied specifically to their con- 
stituent deposits do. 
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(6) The term moraine has, in practice, been applied both to the land forms and to 
the constituent glacial deposits. Where the term been applied to deposits in con- 
junction with a geographic name, the terminology is purely stratigraphic; but where the 
terms moraine and morainic system have been applied to the morainic ridges, as such, in 
conjunction with a geographic name, the units are land forms (physiographic units), 
not stratigraphic units. Thus, the Bemis moraine, a single ridge; the Altamont morainic 
system, consisting of a number of associated ridges; and the Gary moraines, a group 
varying locally from one to five ridges, are all physiographic units, and are all composed 
of late Wisconsin drift, a stratigraphic unit. (See Article 7, paragraphs and s). 

Among other land forms which are built up of surficial deposits and to which this 
principle may apply may be mentioned drumlins, eskers, beaches marking shore lines 
of ancient lakes, deltas, stream fans, alluvial slopes (such as those in the arid West that 
are characteristically composed of fanglomerate), alluvial plains, terrace plains, terraces 
representing remnants of alluvial plains, dunes, volcanoes, cinder cones, and other con- 
structional forms made of extrusive volcanic materials. 

(c) The geographic part of a formation name applied to a surficial deposit may, 
where it seems desirable to the author, be applied to the land surface formed by that 
formation, — that the top of the deposit is essentially the original constructional 
surface; and it may also be applied to any contiguous surface, whether constructional or 
destructional, that is of the same age. A formation name should not be applied to the 
surface or the unconformity beneath a formation, unless the deposits are so thin and 
scattered that their upper and lower surfaces can not, with convenience, be map 
separately. It is particularly undesirable that a name be duplicated for a land surface 
and for a rock unit of totally different age in the same general region—for example, 
Jonesville erosion surface and Jonesville sandstone. (See Article 26.) 


SECTION III.—IGNEOUS ROCK UNITS 


Article 19.—The discrimination of formations, especially as carto- 
graphic units, among the igneous rocks of any region is desirable in 
order to represent three kinds of facts: 

(1) The mode of occurrence; as, lava flows, stocks, dikes, lacco- 

liths, etc. 

(2) The mineral and textural characiers, which are, in part, con- 
trolled by the chemical composition of the magma, but, in 
part, influenced by local conditions of consolidation. 

(3) The chemical composition, which is, to some extent, expressed 
in the nomenclature of the rocks. 


Remarks.—(a) The constant or varying chemical character of the magmas erupted 
at different times from one vent, and the similarity or contrast of those erupted in 
widely distinct periods, or in different areas, are important features in geologic history, 
and must be considered in classification. Though all the pet phic divisions founded 
upon the various characters of igneous rocks can not usually be represented on a map, 
it is permissible and desirable to discriminate all units whose characters render them 
locally notable or of economic importance. Inasmuch as rules can not be laid down to 
cover the details of such matters, the geologist is expected to exercise his judgment as 
to what is desirable in each case. 

(b) Facies of a single geologic body of igneous rock may be discriminated, carto- 
graphically, without showing a definite contact between them, if they are truly transi- 
tional. Composite igneous bodies may, exceptionally, be mapped as units, but this 
should not be ed as standard practice if the map scale permits their distinction, 


Article 20.—The name by which an igneous formation is desig- 
nated may consist of (1) the petrographic term alone, or (2) a geo- 
graphic term and the petrographic term, if a geographic name seems 
useful. 
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Remarks.—(a) The petrographic term for Ney ona use should be one that is 
comparatively well known—for example, granite or basali—though it may, exception- 
ally, indicate a mode of occurrence, as Java, tuff, sill, or dike. The more technical rock 
designations and classifications may be given in "the ‘descriptions in the text of the ac- 
companying report, though, where no well-known group term applies, the simplest 
technical name possible should be used. A modifying adjective or a hyphenated term 
may be used where necessary; as, porphyritic, rhyolite-dacite, soda-rhyolite, breccia- 
agglomerate. 

(6) If an igneous formation consists of members so diverse in character that no 
single petrographic term can be selected which indicates its dominant type the word 
formation shall, ordinarily, be used in se of the petrographic term. 

(c) If a large mass is composed of diverse rocks of any class or classes and is char- 
acterized by highly complicated structure, the word complex may be used instead of a 
petrographic term. 

(d) The local importance of igneous masses may render the use of a geographic 
term, in connection with the petrographic name, highly advantageous. By this means, 
not only may different masses of one petrographic type be designated, but a 
differences may be emphasized without recourse to technical names—for example, 
Montezuma quartz monzonite, Pikes Peak granite. 

(e) Geographic names used for i igneous formations shall be subject to the same re- 
strictions and regulations as apply to names used for sedimentary formations, except 
that a geographic name applied to an igneous mass of small lateral extent need not 
as rigidly subject to the rules of priority and duplication as names for sedimentary 
formations, though these rules shall be followed whenever possible (see Article 7, — 
graph c, and Article 9). For small masses, it is usually sufficient to use informal desig- 
nations, such as the basalt of Table Mountain, quartz monzonile in Buckskin Gulch, 
granite ‘at the Bluebird mine. 

f) If a formal name is given to an aggregate of two or more igneous formations 
the first part of the name shall be a geographic term and the second part the con 
group, or a term, such as granite group, indicative of the character of the group. A 
group of igneous formations may comprise units related as a superposed sequence, or 
it may comprise units related in some other way—for example, a number of bodies of 

granite may receive collectively a group name. 

(g) The rocks resulting from a succession of extensive eruptions may be called a 
series. Such a name should always include, between the geographic term and the word 
series, an adjective term like basalt, volcanic, or intrusive, indicative of the character of 
the series and marking the usage as different from that for standard series, in which a 
lithologic term is not used. 

(k) Sedimentary and volcanic rocks that are interbedded and cartographicall y 
inseparable may be assembled into a formation. Alternations of sedimentary aa vo 
canic formations may be assembled into a group. 

() Some assemblages of volcanic rocks consist dominantly of lava and pyroclastic 
rocks of different kinds that can not conveniently be separated for cartographic pur- 
poses, except perhaps locally, either because of rapid lateral variation or because of 
close similarities in appearance, resulting from metamorphism or other causes. To such 
an assemblage, the word volcanics may be applied-—for example, Casto volcanics. 


SECTION IV.—METAMORPHIC ROCK UNITS 


Article 21.—The discrimination of formations, particularly as car- 
tographic units, among metamorphic rocks should be based, pri- 
marily, on their petrographic features. Within the limits so estab- 
lished, however, units should be chosen to show, as far as possible, 
(1) the mutual relations of the formations and their relations to other 
geologic bodies; (2) their intrinsic structural features, such as schis- 
tosity, cleavage, and mylonitization, which may be a significant index 
to their origin and history. 


Remarks.—(a) Inasmuch as metamorphic rocks have been formed by various 
processes from many sorts of sedimentary and igneous rocks, and as the changes effect- 
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ed may have proceeded to various degrees of completeness, the resulting products are 
exceedingly varied. The discrimination of formations in metamorphic rocks is, there- 
fore, too complex a problem to permit the laying down of rules to cover details. As with 
igneous rocks, it is permissible and desirable to discriminate all units whose character 
renders them locaily notable, or which are of economic importance. The geologist must 
exercise his best judgment in each case. 

(6) For cartographic purposes, masses of metamorphic rocks of approximately 
uniform character that are large enough for representation should be discriminated. 

(c) If an aggregate of metamorphic rocks, such as schists and gneisses, changes 
rapidly in constitution from place to place, map units should be so chosen as to associ- 
ate rocks with common characteristics. 

(d) If part of an igenous or sedimentary mass has been greatly altered, the limits 
between the greatly changed and the comparatively unchanged portions should be 
expressed cartographically, where the map scale permits. 

(e) Where two or more adjacent formations are metamorphosed, they should, if 
practicable, be discriminated throughout the metamorphic area. 

(f) The rule that petrographic features are the primary basis of discriminating 
metamorphic formations shall not be so rigorously applied as to demand establishing 
new formations within the same geologic body, merely Cision its mineral facies or tex- 
ture varies from place to place. 


Article 22—The name by which a metamorphic formation is 
designated may consist of (1) the petrographic term alone, or (2) a 
geographic term and the petrographic term, if a geographic name is 
useful. 


Remarks.—(a) The petrographic term should be, where not incompatible with 
precision, one of the generally accepted terms—for example, phyllite, schist, gneiss, 
marble, hornfels, amphibolite, or eclogite. This term may be modified by a descriptive 
term; as mica schist, granite gneiss. 

() Where no single petrographic term is appropriate, the word formation shall or- 
dinarily be used instead of the petrographic term. 

(c) Where a large mass is composed of diverse rocks of any class, or classes, and 
is characterized by highly complicated structure, the word complex may be used. 

(d) A geographic name, used for a metamorphic formation, shall be subject to the 
same rules as govern names used for sedimentary formations. 


SECTION V.—CORRELATION AND TIME CLASSIFICATION 


Article 23.—Fundamental data of geologic history are (1) the local, 
provincial sequences of rocks; (2) chronologic equivalence of the rocks 
in the different provinces, as deduced from the fossil faunas and floras 
and from other data. 


Remarks.—(a) Through correlation by faunas and floras, all the local rocks are 
referred to a standard time scale. In its beginning, this scale was purely stratigraphic, 
and the units were the systems recognized in specific regions. It has since been generally 
accepted, however, that, for purposes of discussion and correlation, it is useful to con- 
ceive these separate systems as the deposits formed during the separate time divisions 
called periods, and thus a standard time scale has been created. It iscustomary to speak 
of the chronologic equivalence of different rock units, though it is not possible actually 
to prove exact equivalence in time, and there is always inherent in such usage an ele- 
ment of assumption. Nevertheless, the concept of standard time units, based upon a 
— stratigraphic scale, is a necessity for clear and orderly presentation of histori- 

ata. 

(6) Correlation of nonfossiliferous rocks with the standard time scale is neces- 
sarily indirect, if possible at all. It must depend on some definite relation to fossilifer- 
ous rocks that can be referred to the general scale. 

(c) Even in a small map area, there is need for correlation between exposures of the 
same minor unit, and between units of the map area and those of adjacent areas. Often 
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these local correlations may be made without paleontologic data. With increase in size 
of the area considered, generally accompanied by a reduction in the scale of the map, 
the map units must be more inclusive and the correlations more general; there is less 
use for lithologic features and greater need for paleontologic criteria. Eventually, for the 
most inclusive maps, as state and national maps, the local units are negligible, and the 
standard, widespread units are of greatest importance. Correlation of these units must 
be based on paleontologic data. 


Article 24.—The following divisions of geologic time are recog- 

nized: 

(1) Era, the largest division of geologic time, consisting of several 
periods. Example, Paleozoic era. 

(2) Period, the fundamental unit of the standard geologic time 
scale, the time during which a standard system of rocks was 
formed. Example, Devonian period. 

(3) Epoch, a subdivision of a period. The term is applied primarily 
to a major subdivision, but it is likewise used for any sub- 
ordinate unit except for the subdivisions of the Pleistocene 
epoch. Examples, Early Devonian epoch, and, for part of it, 
Oriskany epoch. 


Remarks.—(a) The names applied to the eras are based on the concept of pro- 
gressive change in the life of the earth, and end in the suffix zoic. 

(6) The names applied to the periods are derived from the names of rock units in 
specific regions, mainly in western Europe—that is, the time included in the period is, 
theoretically, that time during which was being formed the specific rock unit from which 
the name came. Actually, the type region may contain only a part of the full sequence 
assigned, in general usage, to the particular system—for example, the Devonian of 
Devonshire, England—but it is customary to select other regions where the sequence 
is more nearly complete to supplement the type regions and to erect, thereby, a com- 
posite practical standard. Thus, the working concept is formed of the standard unit of 
time corresponding to the standard sequence of rocks. In these rocks occur fossils that 
serve as a means of referring other sequences of rocks to the standard time unit. 

In general, the period is the smallest unit believed to be recognizable throughout 

the world—a fact indicated in the adoption everywhere of the names originally applied 
in Europe. By custom, certain epoch names are m de widely used and imply a world-wide 
recognition—for example, the Eocene epoch. However, the modifications of correlation 
that inevitably follow increased knowledge, and the shifting of opinion among special- 
ists, about the precise limits of even such broad divisions as periods, make it seem much 
more likely that no divisions subordinate in rank to periods can approximate the ideal 
of universal recognition. 
-  (c) The names applied to the epochs corresponding to standard series are derived 
from those of the periods by using the words Early, Medial, and Late; or from the names 
of subordinate rock units. In names derived from the periods, as Early Devonian, both 
words are capitalized. In any other use, early, medial, and late are not capitalized. 

(d) Adjective terms ending in an, derived from the names of subordinate rock 
units, such as Niagaran or Claibornian, may be used to indicate correlation or approxi- 
mate position in the general time scale, provided that the geologic limits implied by the 
adjective shall be essentially those of the original unit. However, considerations of 
euphony may make it desirable to avoid the adjective form of some terms. 

(e) Various terms have been proposed for the lesser subdivisions of geologic time. 
For example, the International Geological Congress has adopted, in addition to era, 
period, and epoch, the terms subepoch, age, and phase. These three have found little ac- 
ceptance in America, for epoch and the somewhat indefinite term time have seemed to 
answer satisfactorily for all units subordinate to period. 

(f) By long-continued custom in the United States, the time covered by a Pleisto- 
cene subdivision of formational rank is called a stage, and the time covered by a Pleisto- 
cene subdivision of member rank is called a substage. (See Article 2.) 
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(g) An explanation accompanying a map should indicate the names of the forma- 
tions, together with their assignment to periods, and, wherever practicable, their more 
definite correlation, either by reference to established epochs or to early, medial, or late 
portions of the respective periods. The presence of erosion intervals and unconformities 
may be indicated in the explanation of the map. 


Article 25.—In the classification of a formation, if paleontologic 
evidence is lacking or inconclusive, leaving doubt as to the period to 
which the formation belongs, it shall, in general, be referred to some 
one period, according to the preponderance of all available evidence, 
and the doubt as to the reference shall be indicated by a question 
mark, or by the word probably (or possibly). On map explanations, the 
doubt shall be indicated by dashing the bracket opposite the doubtful 
block. 

Remarks.—(a) If the available paleontologic evidence is interpreted to show that 
a formation is transitional between two periods, its supposed transitional character 
may be indicated by a combination of period names—as Cretaceous and Tertiary—but 
it is usually desirable to avoid such a combination, even if an arbitrary classification is 
thereby made necessary. It is not to be denied that transitional units exist, but for prac- 
tical purposes a doubt in classification is as well expressed by a queried assignment as 
by a combination of names. 

(b) If the age of a formation is indeterminate within wide limits, the best possible 
assignment may be merely an indefinite reference by the prefix post or pre, used with 
the name of the unit nearest to it whose age assignment is definite. For example, a 


granite may be known merely to be pre-Cretaceous, or it may be known merely to be 
post-Cambrian. 


Article 26.—The time intervals represented by unconformities 
shall not receive formal names. They should, in general, be referred to 
preceding or succeeding formations by the prefixes pre and post—for 
example, pre-Moenkopi interval, post-Laramie interval. Where such 
convenient names for time intervals as Lipalian interval and Laramide 
revolution are used, they shall have no part in formal stratigraphic 
nomenclature. Similarly, the naming of time intervals represented by 
cycles of erosion that are expressed in present-day land forms—for 
example, Elk Valley erosion cycle—is permissible, but such physio- 
graphic names, likewise, have no part in formal stratigraphic nomen- 
clature. 

Remarks.—It is undesirable to use the same hic name for an erosion cycle 
or erosion surface and for a rock unit—for example, Fremont erosion cycle in Wyoming 
and Fremont limestone in Colorado—though such duplication may be useful if an erosion 
surface is continuous with the surface constructed from the deposits, so that both sur- 
face and deposits are of approximately the same age (see Article 18). It is particularly 
undesirable to duplicate in the same region, a phic name for an erosion cycle and 


erosion surface and for a rock unit of totally different for example, Jonesville 
cycle and erosion surface and Jonesville group, both names derived from the Jonesville 
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SEDIMENTS OF GREAT SALT LAKE, 
UTAH—COMMENTS! 


A. J. EARDLEY? 
Ann Arbor, Michigan 


Since my paper appeared in the October Bulletin several com- 
ments have come to me, and it seems desirable to mention them briefly 
in print. 

Robert Roth of Wichita Falls, Texas, asks if laminations are 
present in the clays, and if so what are their characteristics. Lamina- 
tions probably exist but none of the disturbed samples that I took 
showed traces of laminations. Some special instrument will have to 
be devised to obtain undisturbed samples of the very plastic and 
sticky bottom clays before anything can be learned about the lamina- 
tions. Not only is it desirable to know the characteristics of saline lake 
laminations but a statistical study of those in Great Salt Lake might 
possibly carry the annual climatic record back to the Pleistocene. 
I believe that cores through about 20 feet of sediments will have to 
be taken in order to trace the sedimentary history to the time of Lake 
Bonneville at the Bonneville level. 

Mr. Roth also inquires about red coloring in the lake. He notes 
that gray sediments are carried into the lake and that they remain 
gray in the lake environment, but would like to know what would 
happen to red sediments if emptied into the lake by one of the streams. 
There are no streams of any kind that bring red sediments into the 
lake and, therefore, the problem was not pressing at the time of the 
investigation and was not attacked. It is an inviting study and ap- 
pears amenable to experimentation by constructing a container filled 
with red clay in the zone of shore wave activity, and allowing moder- 
ate waves to play on the red sediment for measured periods of time. 

An error in the formula of dolomite appears in the tables treating 
the chemical precipitates in the clays. On page 1338 a finely crystalline 
carbonate of index 1.685 to 1.690 is described. This index is above 
that of pure dolomite, CaMg(COs;)2, and although an approximate 
chemical composition of twice as much magnesium as calcium is 
suggested, this is thought to be impossible because CaCO; and MgCO; 
probably do not exist in a complete solid solution series.* Dolomite 
is completely miscible with ferro-dolomite, CaFeCa,0¢, however, and 
it is probable that the high index is due to the presence of iron car- 

~} Manuscript received, April 14, 1939. 
? Department of Geology, University of Michigan. 


3 W. E. Ford, “Studies in the Calcite Groups,”’ Trans. Connecticut Acad. Arts and 
Sci., Vol. 22, pp. 211-48. 
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bonate. Assuming that the foregoing solid solution series is a straight 
line curve, then the index of the Great Salt Lake dolomite crystals, 
1.687, is about § of the interval up from dolomite to ankerite of index 
1.698. Ankerite of this index has a chemical composition of CaCO;— 
52.6 per cent, MgCO;—36.7 per cent, FeCO;—10.7 per cent.‘ On this 
basis the dolomite crystals in Great Salt Lake have approximately 
the following composition: CaCO;—54 per cent, MgCO;—43 per cent, 
FeCO;—3 per cent. A small amount of manganese may also be present 
because MnCO; is isomorphous with FeCO;. If the microscopically 
small dolomite crystals could have been separated from the clay 
complex the composition would have been checked by chemical 
analysis. 

The clay particle in Great Salt Lake was pictured on page 1376 
as amorphous. This conception is questioned by Dr. A. O. Woodford 
of Pomona College, California. He states that the clay particle is a 
crystal and that base exchange occurs in relation to the atomic crystal 
structure and not as a surface phenomenon on an amorphous particle. 
I felt that an elementary concept of base exchange was adequate for 
the report, as well as the safest procedure in view of a rapidly de- 
veloping field of research. The constitution of the various clay min- 
erals, the various wate:s of clay minerals, and base exchange in the 
clay complex are subjects not very well understood. See Garrison’s 
recent summary of the subject.5 

Dr. A. C. Spencer of the U. S. Geological Survey points out that 
it is incorrect to assume that the large excess of bases shown in Table 
XITI can be held in the absorbed state by the exchange complex. He 
describes a method in personal correspondence by which the exchange 
capacity of the Great Salt Lake sediments may be determined with a 
fair approach to accuracy. For this information I refer the reader to 
Dr. Spencer. 

It is evident from these comments that the relation of the clay com- 
plex to the concentrated brine of Great Salt Lake should be studied 
more thoroughly. Specifically the composition of the dolomite crystals 
should be ascertained chemically, the absorbed bases in the clay com- 
plex should be accurately investigated, and the exact mineralogical 
and chemical composition of the clay minerals and the questionable 
magnesium silicate, parasepiolite, should be determined. I feel that 
further progress will best be made by a colloidal chemist. 

enn | of the Non 


5 Allen D. Garrison, ‘Surface Chemistry of Clays and Shales,” Mining Technology, 
Vol. 3, No. 2 (1939), pp. 1-13. 
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RESTRICTION OF NAME “CARLOS,” 
GRIMES COUNTY, TEXAS! 
CARLETON D. SPEED, JR? 
Houston, Texas 
Having occasion to refer recently to geological literature in the 
study of an area immediately southeast of the town of Carlos, Grimes 
County, Texas, the writer noted that the one reference found referred 
to an area located on the Brazos-Grimes County line now named 
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Fig. 1 Showing location of Ferguson Crossing Dome & Carlos Structure, 
Brazos & Grimes Counties, Texas, 

Ferguson Crossing dome on the structural map of Texas, issued by 
The University of Texas, Bureau of Economic Geology, in July, 1936 
(Fig. 1, herewith). Further search revealed that confusion exists as to 
the location of the Carlos structure. At present the nomenclature 
committee of the Houston Geological Society designates the Carlos 
structure as an area lying immediately southeast of the town of 
Carlos and located in the P. B. O’Connor, H. W. Raglin, and U. 
Sanders surveys, which is in keeping with the recommendations of the 
profession that a structure be named for the nearest town, postoffice, 
or prominent physical feature. 

In the April issue (page 543) of Volume 18 (1934) of the A.A.P.G. 
Bulletin, F. W. Rolshausen of the Humble Oil and Refining Company 
of Houston, Texas, discussed “‘Occurrence of Siderite in Cap Rock 


1 Manuscript received, April 15, 1939. 
? Speed Oil Company. 
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at Carlos Dome, Grimes County, Texas.” In the light of present 
usage of the term “Carlos” by both the nomenclature committee of 
the Houston Geological Society and the Bureau of Economic Geology 
of Texas, it is apparent that Mr. Rolshausen’s paper refers to a dome 
now generally known as Ferguson Crossing. 

One may prophesy that in many cases new fields or structures 
may be found closer to the town or feature for which the original dis- 
covery of oil or structure was named in the past. In cases where the 
older name has permeated geologic literature it naturally follows that 
the structure must remain as originally named and used. With refer- 
ence to Carlos the writer has been able to find only one geological note 
referring incorrectly to the location of the Carlos structure as the 
same uplift now generally known as Ferguson’s Crossing. On the 
basis of present usage, it is therefore suggested that the name Carlos 
be restricted to the uplift immediately southeast of the town of 
Carlos, Grimes County, Texas. 


APPLICATION OF NAME “FERGUSON CROSSING DOME,” 
BRAZOS AND GRIMES COUNTIES, TEXAS! 


CARLETON D. SPEED, JR? 
Houston, Texas 


It is the purpose of these notes to recommend that the name 
“Ferguson Crossing dome” be applied in all future geologic literature 
to that dome situated mainly in the August Williams and A. Webb 
surveys in Brazos County and in the G. W. Seaton and the B. B. B. 
& C. surveys of Grimes County, Texas, near the Brazos River. Scout 
reports of various companies as well as the nomenclature committee 
of the Houston Geological Society and The Bureau of Economic 
Geology of Texas refer to this structure as Ferguson Crossing dome. 
The Humble Oil and Refining Company’s Templeman, No. 1, located 
in the G. W. Seaton Survey, was drilled to 4,170 feet total depth in 
salt after first encountering salt at 4,080 feet, during October and 
November, 1933, to definitely establish this prospect as a salt dome. 

Maps of the two counties indicate that some sort of road crosses 
the Navasota River near the center of the uplift and inasmuch as 
there are several other named crossings along the river, it must be 
assumed that Ferguson Crossing designates a specific location suffi- 
ciently well known to be used in naming a geologic structure. 

Only one geological paper refers to this area by a name other 

1 Manuscript received, April 15, 19309. 

2 Speed Oil Company. 
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than Ferguson Crossing dome. In the April issue (page 543) of 
Volume 18 (1934) of the A.A.P.G. Bulletin, F. W. Rolshausen of the 
Humble Oil and Refining Company of Houston, Texas, published a 
brief article, “Occurrence of Siderite in Cap Rock at Carlos Dome, 
Grimes County, Texas.” Although the writer does not know which 
name for this dome has priority, it is recommended that the name 
“Ferguson Crossing dome” be applied to the uplift on which 
Humble’s Templeman No. 1 found salt and that the name “Carlos 
structure” be restricted to the uplift southeast of the town of Carlos, 
Texas, centering around the P. B. O’Connor Survey, in order to con- 
form with usage of the names now employed by the Houston Geo- 
logical Society and The Bureau of Economic Geology of Texas. In the 
absence of salt being penetrated in any well drilled to date, and in 
accordance with available geophysical information, Carlos has been 
referred to as a structure rather than a dome. 


CARBONACEOUS AND ASPHALTIC MATERIAL IN LOWER 
ARBUCKLE LIMESTONES OF WICHITA 
MOUNTAINS, OKLAHOMA! 


CHARLES E. DECKER? 
Norman, Oklahoma 


While studying the Arbuckle limestone of the Wichita Mountain 
region, the writer’s attention was attracted by the large amount of 
dark shaly limestone with many fucoids. Some parts of this zone 
contain much carbonaceous material, and at two localities semi-liquid 
asphalt has seeped along the joint cracks of the rocks. This zone occurs 
in the lower part of the Arbuckle limestone in the McMichel member 
of the McKenzie Hill formation, about 600-900 feet above the base 
of the Arbuckle limestone group. 

Outcrops of these carbonaceous rocks occur in the quarry near the 
top of McKenzie Hill at the northwest edge in Sec. 8, T. 2 N., R. 12 W., 
on the south side of the Wichita Mountains, about 8 miles north- 
west of Lawton; in the quarry at Quarry Hill about 80 rods east of 
the Fort Sill railway station in Sec. 8, T. 2 N., R. 11 W., and the 
Dolese quarry at Richard Spur, in Sec. 6, T. 3 N., R. 11 W., and 
Sec. 31, T. 4 N., R. 11 W. In the last two of these quarries not only 
the carbonaceous shaly limestone is well developed, but also the 
asphaltic material has seeped along the joint cracks of the rocks. 

1 Read before the Association at Oklahoma City, March 23, 1939. Manuscript re- 
ceived, April 24, 1939. Published by permission of the Oklahoma Geological Survey. 

? University of Oklahoma. 
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This carbonaceous zone extends for a number of miles northwest of 
the Dolese quarry in the lower Arbuckle where it is exposed in the 
edges of the steep northeasterly dipping beds. The shaly nature of 
this zone can be seen to best advantage in the road cut in the northern 
part of Sec. 35, T. 4 N., R. 12 W. Also, a very carbonaceous zone 
occurs in the recently opened road quarry on the west side of Blue 
Creek Canyon, in Sec. 11, T. 4 N., R. 13 W. While this zone seems 
like the others referred to, its exact stratigraphic position is not 
known because of the complex structural relations. The carbonaceous 
limestones and shales in various localities mentioned are in most 
places underlain by limestones, some of which are fossiliferous. They 
contain trilobites, brachiopods, and gastropods, and graptolites occur 
in the carbonaceous shaly zone. 

Samples of the carbonaceous and asphaltic material were sub- 
mitted to F. C. Wood and C. A. Merritt of the Oklahoma Geological 
Survey to be tested. There the samples were subjected to destructive 
distillation by which all of them yielded some gas and some of them 
yielded a little oil. While in the process the effects of the distillation 
could be distinctly seen, no attempt was made to secure quantitative 
measurements. A new retort which is now being built in the Survey 
will make accurate quantitative results possible. Gas passed through 
asbestos in tubes gave slight coloration in all cases, but from one 
sample the coloration was very marked. The tube colored from this 
sample secured from the Dolese quarry was placed by the side of a 
blank tube, and both were shown in the A.A.P.G. exhibition room 
(at the twenty-fourth annual meeting, Oklahoma City), where rock 
samples collected from various outcrops were also exhibited. 


CONTACT OF HONEY CREEK AND REAGAN 
FORMATIONS WITH IGNEOUS ROCKS IN 
ARBUCKLE AND WICHITA MOUNTAINS, 

OKLAHOMA! 


CHARLES E. DECKER? 
Norman, Oklahoma 


Much interest has been taken in conditions of early sedimentation 
both in the Arbuckle and Wichita mountains. In his excellent report 
on the geology of the Arbuckle and Wichita mountains, Taff* recog- 

Read before the Association at Oklahoma City, March 23, 1939. Manuscript re- 
ceived, April 24, 1939. Published by permission of the Oklahoma Geological Survey. 

? University of Oklahoma. 


3 J. A. Taff, “A Preliminary Report on the Geology of the Arbuckle and Wichita 
Mountains,” U. S. Geol. Survey Prof. Paper 31 (1904), p. 68. 
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nized that the earliest sedimentary formations of Cambrian age 
rested on the eroded uneven surface of igneous rocks. Accordingly, 
there is no metamorphism of the sediments at the contact with the 
igneous rock, but instead fragments of the igneous rock are included 
in the lower parts of the sedimentary formations. 


CONTACT OF HONEY CREEK AND REAGAN FORMATIONS WITH IGNEOUS 
NortH Sive OF WICHITA MTs. 


SEC.24-4N-ISW SEC.24-4N-I3W SEC. SEC. 26-6N-i4W 
BLUE CREEK CANYON 
ARBUCKLE SOUTH END SOUTH END 


KINOBLADE RANCH HEMATITE MINE 


HONEY 
CREEK 


REAGAN 


Fic. 1.—Five brief sections are shown from the north side of the Wichita Moun- 
tains. They span the interval between the top of the igneous rocks and the base of the 
Arbuckle limestone. The section at the left is from the southwest edge of the limestone 
hill about 4 miles north of Mount Scott. It shows the 97 feet of newly discovered lime- 
stone between the igneous rock and the base of the Reagan. The next shorter section is 
about 3 mile west of the first one and the basal part is covered by Permian. The short 
section in the middle is about 2 miles to the northwest of the first two sections, and is 
from the west side of Blue Creek canyon. There the Honey Creek limestone rests di- 
rectly on the igneous rock, and large fragments of the latter occur in the coarse basal 
limestones. The section from the Kindblade ranch is about 15 miles to the northwest of 
Blue Creek Canyon, and it shows a rather thick section of Honey Creek and Reagan. 
However, the thickest section of these two formations is shown from Section 17 where 
the Honey Creek is exceptionally thick, and the Reagan has a thick shale in the upper 
part, shown by the plain area in the section. 


In most localities where the contact is exposed, a relatively coarse 
phase of the Reagan sandstone rests on the igneous rock, but else- 
where, by overlap, the Honey Creek formation rests on the igneous 
rock, and at one place a limestone beneath the Reagan rests on the 
igneous rock. 

In the Arbuckle Mountains, south of the village of Mill Creek, the 
contact of the Reagan on the granite is obscured by loose sand and 


’ 
5 
rt 
a 
j 
LimESTONE 
| 
| 
| 
- 


1096 GEOLOGICAL NOTES 


soil, but the lower part of the Reagan is coarse arkosic sandstone with 
some angular conglomerates included, in which occur large fragments 
of quartz and feldspar. (A sample was placed in the A.A.P.G. ex- 
hibition room at the twenty-fourth annual meeting, Oklahoma City.) 

On the west side of the East Timbered Hills, the basal Reagan con- 
sists of coarse arkosic sandstone which locally simulates the porphyry 
on which it rests. The determination of the contact is made difficult 
because jointing in the upper part of the igneous rocks simulates 
bedding planes with joint planes parallel to the beds of the sandstone 
above. At some places along this contact coarse angular conglomerates 
occur, as illustrated by Six.‘ 


¢ 


Fic. 2.—A general view of the newly discovered limestone between 
the base of the Reagan and the igneous rocks. 

Along the West Timbered Hills at the southeast edge, very coarse 
conglomerates occur in the base of the Reagan. Some of the igneous 
boulders in this conglomerate have a diameter of more than 6 inches. 
Also, at the northwest edge of the Hills, the basal part of the Reagan 
is very coarse and locally conglomeratic. 

In the Wichita Mountains only one outcrop of the Reagan occurs 
on the south side, in Secs. 12 and 13, T. 2 N., R. 13 W., where about 
40 feet of coarse green calcareous sandstone is exposed, in which some 
of the basal part is carbonaceous. However, the basal part is covered 
by overlapping Permian. No outcrops of the Reagan occur at the 
east end of the mountains. 


* Ray L. Six, “The Reagan Sandstone,’ University of Oklahoma, unpublished 
M. S. thesis (1929), Pl. 12a. 
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On the north side of the mountains, the Reagan crops out at 
several places and the basal beds are exposed at intervals along these 
outcrops. Beginning in Sec. 17, T. 4 N., R. 12 W., there is an almost 
continuous outcrop of the Reagan for 6 miles toward the northwest. 
At intervals along this exposure the contact with the igneous rocks 
may be seen, generally very coarse, somewhat arkosic sandstone. 
Farther northwest, about 12 miles southwest of Carnegie, in Sec. 26, 
T. 6 N., R. 14 W., calcareous coarse sandstones occur near the base 
and very coarse conglomerates are present in the lower part of the 
Reagan. (Samples were shown in the A.A.P.G. exhibition room.) 
Still farther northwest, in Sec. 16, T. 6 N., R. 14 W., resistant coarse 


Fic. 3.—One of the basal beds of the limestone with frag- 
ments of the igneous rock included in it together with numer- 
ous small calcareous algae. 


arkosic sandstone rests on the igneous rock. The physical character- 
istics of the Reagan have been described in considerable detail by 
Six.’ It is very glauconitic in many localities and in Sec. 17, T. 4 N., 
R. 12 W., it contains so much hematite that it has been considered 
a possible source of pigment for paint. 

At the southeast edge of a limestone hill, 4 miles north of Mount 
Scott, in Sec. 24, T. 4 N., R. 13 W., about 86 feet of exceptionally 
fine-grained Reagan sandstone lies beneath the 80 feet of the Honey 
Creek formation, and lies on dense limestones which aggregate a 
thickness of 97 feet. These limestones rest on an unmapped outcrop 


5 Ray L. Six, op. cit., pp. 62-76. 
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of igneous rock. Fragments of igneous rock occur in the basal beds 
of the limestone and extend above it for 30 feet. Several of the beds 
attain a thickness of 3 feet, and at the top the limestones grade into 
a calcareous sandstone at the base of the Reagan. This limestone has 
not been searched carefully for fossils, and the only fossils found in it 
to the present, are small calcareous algae in the basal part, associated 
with the fragments of igneous rock. These algae suggest that at least 
part of these limestones were lacustrine. These limestones have not 
been recognized elsewhere and they are thought to constitute the 
oldest sedimentary rocks exposed in Oklahoma. (Samples of the basal 
limestone were shown in the A.A.P.G. exhibition room.) 

About 2 miles northwest of this limestone hill, in Sec. 11, T. 4 N., 
R. 13 W., the Reagan is absent and the Honey Creek formation over- 
laps directly upon the igneous rock. At this locality the coarsely 
crystalline limestone rests on the igneous material. At one place the 
basal limestone bed includes an igneous boulder 5 inches in diameter. 
This locality is of interest because earlier it was thought by some to 
represent a place where the Arbuckle limestone was in normal contact 
with igneous rocks. 

Not only are these basal contact relations of interest, but also the 
marked changes in composition and texture of the sediments in rela- 
tively short distances are worthy of much detailed investigation. 


RIDGE BASIN, CALIFORNIA 
CORRECTION 


The following corrections for the published paper, “Ridge Basin, 
California,” this Bulletin, Vol. 23, No. 4 (April, 1939), are here put on 
record. 

In Table I, p. 532, Parahippus(?) should have been listed as 
coming from the lower third of the Mint Canyon. The other equid 
genera are from the upper third, as therein stated. 

In Figure 2, p. 523, Redrock Mt. should have been shown as 
Basement complex instead of Eocene, there being only scattered, 
small exposures of Eocene strata north of the east-west fault along 
the base of this mountain. 

J. Epmunp Eaton 


Los ANGELES, CALIFORNIA 
June 8, 1939 
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* Subjects indicated by asterisk are in the Association library and available to 
members and associates. 


THE BIRTH AND DEVELOPMENT OF THE GEOLOGICAL 
SCIENCES, BY FRANK DAWSON ADAMS 


REVIEWED BY R. D. REED! 
Los Angeles, California 


The Birth and Development of the Geological Sciences, by Frank Dawson 
Adams. 506 pp., 15 pls., 79 figs. The Williams and Wilkins Company, 
Baltimore (1938). Price, $5.00. 


Dr. Frank Dawson Adams of McGill University has for many years been 
engaged in serious research upon the history of geological thought. In the 
introduction to the large, handsome volume before us he explains something 
about his sources and his methods. Desiring to refer to books and manuscripts 
repeatedly and at will, he finds the use of library copies unsatisfactory and 
has therefore secured for his own collection copies of nearly all books of special 
importance in his research. ‘ 

“During the course of twenty years or more, a diligent search for these 
was made whenever they were to be found and a library of somewhat over 
one thousand volumes in various languages was brought together, many of 
these being books of extreme rarity.” 

To all of us amateur collectors this accomplishment would seem ‘to be 
enough in itself whether or not we did anything with our collection. Dr. 
Adams differs from us not only in his superior ability as a collector but also, 
as his new book demonstrates, in his determination to master the contents 
of his treasures, 

Unlike most histories of geology, the present one concludes with the 
date at which the subject became an established science. The period covered 
is thus approximately 600 B.c. to 1825 A.D. Only about a tenth of the book’s 
506 pages deals with Greek and Roman writers, however, and almost no 
space is given to the accomplishments of their unlettered contemporaries in 
such industries as quarrying and mining. Attention is limited chiefly to the 
philosophical and literary masterpieces that escaped the travail of the Dark 
Ages. 

Aristotle, Theophrastus, Strabo, and Pliny are among the authors treated 
at greatest length. Seneca, worst scientist of his age perhaps, is quoted on the 
origin of springs and rivers and of earthquakes. To Seneca’s standing as the 
first geological experimenter, however, who pioneered also in completely 
misunderstanding the meaning of his experiment, Dr. Adams gives no atten- 
tion. The circumstances were these. Seneca cast scorn upon the notion that 
spring water is derived from rain. His diligent digging in his garden, he said, 
had demonstrated that the water of even the heaviest rainstorm never pene- 
trates so much as ten feet into the soil. Since it seems unlikely that he had 
dug more than one or two feet, I have always suspected that Seneca should 
be honored also as the first geological extrapolator but of this I have no proof. 


1 Manuscript received, April 9, 1939. 


1099 


wa 
G 
| 
| 
| 
| 
| 
2 
> 


1100 REVIEWS AND NEW PUBLICATIONS 


Dr. Adams believes that Pliny’s Natural History, ‘‘a great and rather 
disorderly assemblage of fact and fiction, . . . probably presents a true epit- 
ome of the conception of the world of nature in classical times.’’ There is 
much to be said for this view, of course, but I am unable to feel very confident 
of its validity. Pliny as a scientist was not demonstrably a good representative 
of the educated classes of his time. He was simply a hard-working official 
with an itch for making scrapbooks. He seems to have been a little worried 
about this weakness, since he takes pains to assure the Emperor Vespasian 
that he had found the time for it by subtracting it from that normally belong- 
ing to sleep, not from that due to the Emperor. As a judge of scientific facts 
or a reasoner about them, was he notably good even by Roman standards? 
My own feeling is that he should be rated along with Seneca or a little higher, 
but distinctly below such writers as Ovid, Strabo, or Tacitus. Even Caesar, 
or one of his aids, knew enough to tap a “vein” of water and thus assist in 
reducing a Gallic fortress. Pliny, I feel sure, would merely have wondered 
about what diseases the water of that “‘vein” could cure. If Caesar, politician 
though he was, had made any considerable number of references to geological 
phenomena in his writings, I think it would be evident that even his grasp 
of them was far superior to that of Pliny. 

In judging of the geological accomplishments of the Greeks and Romans 
we have to remember how the extant books were selected. How much should 
we know of Nineteenth Century geology in England if we were to judge of it 
from the incidental references to be found in a high school library of—let us 
say—one hundred volumes, many of them fragmentary and all selected by a 
committee of teachers of English literature, with a Sunday School super- 
intendent for chairman? 

Another fact of possibly greater importance is that in the ancient world 
mining was an activity reserved for the more truculent and less teachable 
slaves. The overseers, managers, and engineers were at best freedmen of no 
social standing. A Greek or Roman gentleman commonly concealed the fact 
if he was interested, even financially, in such a degrading business. Further- 
more, even the outdoor cult in antiquity was a mild one. Horace sings the 
praises of his well-cultivated farm at Tibur but shudders at the dangers of 
the wild mountain country beyond it. By social pressure and by cultivated 
taste, therefore, the leisure classes of Greco-Roman time were well insulated 
from geological experience. Many a freedman, on the other hand, must have 
known a great deal about geology, as is attested by the enormous production 
of rocks and minerals that went on during those times. If our freedman wrote 
down his data or beliefs, however, his writings were scorned by those who 
made literature, and were lost along with most of the literature when the 
Roman Empire broke up. 

In 1816, according to Dr. Adams, William Smith lamented that “the 
theory of geology was in the possession of one class of men, the practise in 
another.” The observation was profoundly true as, following Dr. Adams, 
I shall try to illustrate later; but how much truer it was in the Roman 
Empire. 

The suggestion has often been made that modern science began when 
social and political conditions occasionally permitted an intelligent poor boy, 
trained to use hands and eyes among tools, plants, animals, and stones, to 
acquire an education and attain a degree of leisure and respectability. In- 
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stead of indulging in such speculations, Dr. Adams holds closely to his self- 
appointed task of stating clearly the views of a long succession of writers and 
of estimating their contribution to the rise of geology as a science. If any 
reader, perhaps a reviewer, should choose to select data from Adams’ great 
storehouse for use in pointing a moral, the reader or reviewer and not the 
author should be blamed for the result. 

Before undertaking to narrate the geological follies of the Middle Ages, 
the author gives in Chapter III a remarkable account of the conception of 
the universe that prevailed in those times. His venture into this murky realm 
is masterly. The concentric Spheres, from that of Fire to the Primum Mobile, 
are explained and illustrated with a clarity that is absent from most similar 
expositions. The Heavenly Powers and Virtues are next illuminated, then the 
Macrocosm and Microcosm, and finally the cloudy mysteries of “Signatures” 
and ‘‘Correspondences.”? However remote from geology these subjects may 
at first seem to be, the author’s discussion of them is so scholarly and so clear 
as to be in itself worth the price of the book to anyone interested in medieval 
literature or history. 

In plain truth, furthermore, the geology of the Middle Ages is not very 
remote from the Microcosm, the Powers, and the Spheres. It is composed, 
in the main, of the same unsubstantial stuff. Chapter IV, on the generation 
of stones, is a scholarly though depressing account of the baseless speculations 
in which medieval scholars indulged when they wished to display their dia- 
lectical skill upon earth problems. Most amusing, perhaps, is the theory of a 
lapidifying juice, invented to change shapeless earth into shaped stones, often 
called “fossils” (from the Latin word meaning “‘dug’’). As modern ideas de- 
veloped, these creatures of the lapidifying juice (sometimes also called the 
Spiritus architectonicus) gradually became classified into metals, minerals, 
crystals, fossils of different kinds, and concretions. The objects last mentioned 
are even yet more or less generally considered to be the product of a “‘con- 
cretionary force,” which I have long suspected to be a legitimate descendant 
of the Spiritus architectonicus and closely related, no doubt, to the lapidifying 
juice. 

On the whole, a study of the geology of the Middle Ages (500-1500 A.D.) 
is perhaps most useful in assisting us to recognize and avoid the medieval 
ideas in modern geology. The mineralogy of those times is only a little more 
substantial. Such as it is, Dr. Adams discusses it in a long and lucid passage, 
Chapter V, and then turns to the birth of modern mineralogy, and its develop- 
ment from Agricola to Werner and Berzelius, Chapter VI. His account of 
Agricola goes farther than most toward making that writer seem worth the 
space that is usually given to him in histories of geology. 

Born in 1494 and christened Georg Bauer, he entered the University of 
Leipzig at the age of 20, studied languages and literature there, and later 
transferred to Bologna and Padua, where the Renaissance had progressed so 
far that many men were already interested in the natural sciences. Bauer, 
whose classical leanings made him wish to be called Agricola, studied medicine 
and finally took a degree at Ferrara. Returning from Italy he became city 
physician, first at the mining town of Joachimsthal in Bohemia, later at the 
mining town of Chemnitz where he became Burgermeister in 1545. His book 
on mineralogy, De Natura Fossilium, was written in 1546. Like so many other 
successful physicians, Agricola was an amateur mineralogist and geologist, 
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and a good one. Very popular and influential in the Germany of his own day, 
his works were forgotten, like nearly everything else in the way of culture, 
during the Thirty Years’ War and were only re-discovered and appreciated 
in the eighteenth century. 

An interesting contemporary of Agricola’s was Conrad Gesner, son of 
a poor furrier of Zurich, and universal scholar. 

“After a lifetime of intense toil and anxiety Gesner died of the plague 
in Zurich in the year 1565 at the age of forty-nine, beloved by all who knew 
him.” In the year of his death appeared his book on Fossils, Stones, and 
Gems, “stated by Gesner to be the first book on the subject of which it treats 
to be illustrated by cuts and figures.” Several of the illustrations are repro- 
duced excellently in Dr. Adams’ Figures 31-42. 

Chapter VI is concluded by brief accounts of Werner, who was primarily 
a teacher of mineralogy though perhaps more commonly remembered for his 
fathering of historical geology; and of Haiiy (1743-1821), the inventor of 
crystallography. 

Haiiy’s father was a poverty-stricken cloth-worker in northern France. 
The son, though apparently destined for the same fate, had such a flair for 
religious music and church-going as to attract the favorable attention of 
some charitable people who later assisted him to an education in Navarre 
and Paris. He specialized in botany. Walking one day in the Royal Gardens 
of Paris, he followed a crowd into a lecture hall where an aged scholar, 
Daubenton, was giving a popular lecture on mineralogy. Haiiy’s interest in 
botany must have been largely phyllotaxial, since he transferred it immedi- 
ately to crystals, and eventually found out that the more or less regular 
numbers and angles in flowers and leaf-systems are even more definitely 
present in crystals. How his discovery of this relationship led him to destroy 
the beautiful mineral specimens in his own and his friends’ collections should 
be read about in Dr. Adams’ words. 

Chapter VII is entitled “The birth of Historical Geology with the rise 
and fall of the Neptunian Theory.” It is followed by Chapter VIII, on 
“« ‘Figured Stones’ and the birth of Paleontology.” Chapter VII is largely 
devoted to the Neptunian theory, as a matter of fact, and Chapter VIII 
naturally treats of many important aspects of historical geology. To my 
mind the conflict of Neptunists and Plutonists was a relatively unimportant 
sideshow which, to an unfortunate degree, clouded and still clouds some of 
the more important issues in the development of historical geology. I shall 
therefore treat it first and briefly, and later give some attention to the evolu- 
tion of historical geology. 

Before the development of chemistry or physics had gone very far there 
was no way to learn much about the intimate nature of rocks. Some theorists 
therefore guessed that nearly all of them had been precipitated from watery 
solutions like the sinter of a teakettle. Others imagined that all of them or 
nearly all had been cooled from fusion like slag. Thus, at the height of the 
controversy Werner argued that a basalt flow overlying flat sedimentary rocks 
was itself sedimentary, since he seemed to find a gradation from basalt to 
sediment. Hutton held, on the other hand, “that no siliceous body having 
the hardness of flint, nor any crystallization of that substance, has ever been 
formed, except by fusion” (p. 244). The Neptunists were eventually so un- 
fortunate as to let themselves be jockeyed into selecting basalt as a crucial 
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case and thus lost the argument; though it is not fair to say that the Plu- 
tonists won it. 

As a leader of the Neptunists, Werner lost much prestige when the Nep- 
tunian theory collapsed, but it should be remembered that he was primarily 
not a Neptunist but a distinguished mineralogist; and that he was secondarily 
a pioneer in regional and historical geology. In his day eager students all over 
Europe were learning German in order that they might enter the Mining 
Academy at Freiberg and listen to his lectures. Fired with his enthusiasm, 
many of these same students later traveled over the world to find out to what 
extent other lands illustrated the historical evolution that Werner thought 
he recognized in Saxony. Goethe, himself no mean scientist, regretted the 
eventual eclipse of Werner’s ideas by others that were much less satisfactory 
to contemplate. I think it not unlikely that Goethe was right, and that 
possibly geology has lost, to an unnecessary degree, the sense of a worldwide 
structural evolution that Werner divined. Perhaps the attractive ideas of 
Stille, Bubnoff, and Bucher, which may have more kinship with those of 
Werner than their holders suspect, may restore something of what has been 
lost. 

However this may be, it is intéresting to note that Werner was the son of 
an inspector of iron works at Wehrau in Silesia. His forefathers for generations 
had been mining men and he grew up in intimate association with such men. 
In his youth he collected minerals and studied them with his father. From the 
ages of 15 to 20 he assisted his father in the management of the Wehrau blast 
furnaces. As a student in the Mining Academy of Freiberg during the follow- 
ing two years he-studied diligently, collected minerals, and traveled widely 
over the adjacent mineral district of the Erzgebirge. Later on at Leipzig he 
studied languages, history, law, philosophy, and mineralogy. At 25 he became 
lecturer on mining and metallurgy in the Academy of Freiberg. As a geology 
teacher he was unbelievably good; as a writer he was, apparently, the greatest 
procrastinator of his time. 

Werner recognized and made generally known the fact that the earth’s 
crust consists of superposed formations and that a fascinating history, 
applicable in considerable degree everywhere else, may be deduced froma 
study of them in any suitable region. Different formations had different 
lithologic features he thought, and probably different “fossils.” 

“Our earth is a child of time and has been developed gradually,” he con- 
cludes. The names that he used for rock groups, such as Urgebirge, Ueber- 
gangagebirge, and Floetzgebirge, referring to the structural sequence in 
Southern Germany, are less meaningless than they may at first seem. 

When it comes to the structure of the crust and how that structure was 
acquired, Werner had trouble, as we still have, but even more serious. He 
thought that granite is a precipitate from the primeval ocean, and that the 
steep dip of strata in mountainous areas is either initial or was acquired later 
by slumping. In these and certain other respects most of us now favor other 
explanations, though the slumping hypothesis is resurrected from time to 
time. 

- It is in any case incorrect to charge Werner with Catastrophism. That 
doctrine is as much Huttonian as Wernerian, or even more so. Hutton recog- 
nized unconformities and interpreted them correctly as marking “revolu- 
tions.” Cuvier found other evidences of “revolutions” in the succession of 
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Early Tertiary faunas in the Paris Basin. Lyell’s Uniformitarianism, which 
got rid of the revolutions by making such tremendous drafts on the bank of 
time as to render any geological activity in the past almost unnecessary, was 
thus directed rather at Hutton and Cuvier than at Werner. 

The last historical geologist that I shall select for mention is William 
Smith (1769-1839). Hard-headed, self-educated, even uncouth, but not un- 
intelligent, Smith is perhaps more worth studying than anybody else if we 
-would understand the rise of geology as a science. As an orphan, Smith early 
collected rocks in Oxfordshire to the displeasure of the farmer uncle with 
whom he lived. At eighteen he became assistant to a surveyor and hunted 
routes for canals for some years, or assisted in constructing them. As a con- 
sulting geologist he at one time (1810) brought back the flow of the hot 
springs at Bath and thus saved the famous Pump Room from abandonment. 
By 1799, when he was 30, Smith had recognized most of the Mesozoic forma- 
tions of England (he called them “‘strata”), had learned their distinguishing 
fossils and a good deal about their structural relations. By 1815, when he 
was 46, he had prepared, circulated, and finally published a very good geo- 
logical map of England. 

Meanwhile, the Geological Society of London had been formed, of course 
with no thought of securing Smith as a member. In 1819 one of the members 
had a geological map published by the Society without mentioning that he 
had used Smith’s map in preparing it. In 1831 the Society, fairly dripping 
with condescension, called Smith in and gave him the Wollaston Medal. 
Dr. Adams considers the medal handsome amends. In 1865, 26 years after 
his death, the Society published the third edition of its famous map which, 
it now recalled, was “on the basis of the original map of William Smith, 
1815.” 

I doubt if Smith was much hurt by the neglect of his scientific con- 
temporaries. When he re-directed the waters at Bath it must have been 
about the time that the cast of Jane Austen’s “Persuasion” was sojourning 
there, or perhaps just a few years earlier. If we try to imagine how little 
consideration William Smith would have expected or received if he had 
chanced to bump into Sir Walter Elliott in Bath perhaps we may realize how 
he felt about George Bellas Greenough, M.P., or the Count de Bournon, or 
the other eminent founders of the Geological Society. They belonged to a 
different, a superior world, and were scarcely accountable for their short- 
comings in courtesy, if any, to a mere surveyor who spent his time examining 
ditches and who had once been a farmer’s ward. He could only console 
himself by reflecting that his world, after all, was the world of real geology, 
and that possibly the future would vindicate his work. 

Chapter IX, on the origin of metals and their ores, is reprinted with 
little change from a paper already published in the Bulletin of the Geological 
Society of America. Though it is full of interesting material I shall here pass 
it by with only this brief mention. 

The origin of mountains is treated in Chapter X. Outstanding among its 
interesting passages is one dealing with the work of Johann Gottlob Lehmann, 
who died in 1767. He was apparently the inventor of the fault-trough theory 
of sedimentation and of mountain-making. Figure 1 of Plate XI, a repro- 
duction of one of Lehmann’s illustrations, shows two “Primitive Mountains” 
(“positive blocks”) with the accumulation of flat-lying strata on the ‘“‘nega- 
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tive block” between them. As to the exact process by which these strata were 
later to be changed into new mountains, Lehmann was like his successors in 
being a little vague. 

Dr. Adams mentions a goodly number of the theories of mountain- 
building that were proposed before 1825. All of them sound fantastic. He then 
considers the present status of the problem and mentions four prominent 
theories of the present day. Are they any less fantastic? At any rate, it is not 
a little disconcerting to realize that each of the modern theories seems almost 
as fantastic as the oller ones to the devotees of the other modern theories. 
There ought to be a moral in this situation but I shall emulate Dr. Adams 
in refraining from attempting to draw it. 

Later chapters deal with earthquakes, the origin of springs and rivers, 
quaint stories and beliefs. There is also a brief concluding chapter. Like 
those already considered these later chapters are lucidly written and beauti- 
fully illustrated with good reproductions of cuts from rare old books. An 
index concludes the volume. } 

In the way of adverse criticism there is very little to say. One may wonder 
why von Hoff, whom many Germans seem to rank as an earlier and abler 
Lyell, is unmentioned; or why the founder of the Woodwardian professorship 
at Cambridge is cited only for his views on cerauniae. After all, however, 
Dr. Adams did the selecting of topics and undeniably did it well. We must 
rather be thankful for the abundance he has given us than critical of an 
occasional seeming omission. 

In the matter of book-making one adverse remark must be made: The 
volume is marred by a considerable number of generally harmless but always 
annoying typographical errors. Thus, “be” is omitted from line 22,-p. 23; 
a comma is apparently transposed in line 11, p. 59; there is a superfluous 
“uy” in “structure,” line 10, p. 69; ““Klaproth (1743-1887),”’ line 12, p. 207, 
should be “‘Klaproth (1743-1817),”’ if the Encyclopaedia Britannica may be 
trusted; Humboldt as a seismologist, pp. 422-423, has the “‘d’’ consistently 
omitted from his name, though in his earlier appearance as an eminent 
Wernerian, pp. 236-237, he is permitted to retain it. While they are not 
serious, these and a good many similar errors are all the more regrettable 
since the book seems otherwise to be excellently made and printed. 


PALEOBIOLOGY, BY CARL CHRISTOPH BERINGER 


REVIEW BY R. D. REED! 
Los Angeles, California 


Paléobiologie, Bewegung, Umwelt und Gestalt fossiler Tiere (Paleobiology; 
Locomotion, Environment, and Form of Fossil Animals), by Carl 
Christoph Beringer. 63 pp., 60 figs. Ferdinand Enke Verlag, Stuttgart 
(1938). Price, RM 4.40, paper bound (less 25 per cent outside Germany). 


Aside from its continuous immersion in systematic minutiae, paleontology 
is responsible for the study of fossil animals historically and ecologically. It 
was in 1904, according to Diener, that L. Dollo introduced the words “‘bio- 
stratigraphic” and “paleobiologic” to characterize these two points of view. 
Biostratigraphy is perhaps best known to American geologists through 


1 Manuscript received, April 22, 1939. 
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Diener’s Grundziige der Biostratigraphie (Leipzig and Wien, 1925); Paleo- 
biology through a series of distinguished works by Othenio Abel. Lebensbilder 
aus der Tierwelt der Vorzeit (Jena, 1922) is in the unprofessional opinion of 
the present reviewer the most readable and generally instructive of all, at 
least for unprofessional delvers in paleontological literature. 

Dr. Beringer is best known in this country for his useful Geologisches 
Worterbuch (Stuttgart, 1937), which is concise and scholarly. His little book 
on paleobiology has the same virtues. In it the animal world of the past is 
classified primarily on the basis of mobility or immobility and if mobile, on 
the basis of its means of locomotion. Thus, the author treats of benthos, 
plankton, fusiform swimming types, crawlers, gliders, and the numerous 
other classes that have become well known to all, at least by name. Many 
examples, ranging from sponges to flying lizards, are cited for the various 
classes. To the specialist there is presumably little that is new in this account, 
unless a brief and simple treatment of the whole somewhat vague field of 
fossil ecology should in itself prove to be something new. 

Dr. Beringer’s booklet is not written for the specialist, however, but for 
either the beginner or the non-specialist. For the former he has sought to 
provide an introduction, for the latter (as he tactfully puts it) a review. Here 
beginners and amateurs will find in concise and simple terms whatever is 
known or most reasonably inferred about the means of locomotion and other 
habits of such creatures as the rudistids, the crinoids, Dentalium, trilobites, 
ammonites, Orthoceras, Eurypterus, plesiosaurs, Pelosaurus, dinosaurs, and 
pterodactyls. No attempt is made to give in detail all the divergent views 
that have been held on the habits of all these creatures but frequent refer- 
ences are made to the conclusions of Abel, Dacqué, H. Schmidt, Walther, 
and the other German masters of paleobiology. 

In spite of the present unfavorable rate of exchange the price of this 
little book is not exorbitant. For this and other reasons, among them its 
numerous and instructive illustrations, it may be recommended to all geolo- 
gists who are in a position and a mood to profit by a clear and simple account, 
written in German, of the ways of life of fossil animals. Graduate students 
with examinations still to be passed may also find here a help in their time 
of trouble. 


FUNDAMENTALS OF THE PETROLEUM INDUSTRY, 
BY DORSEY HAGER 
REVIEW BY R. E. SOMERS! 
Pittsburgh, Pennsylvania 
Fundamentals of the Petroleum Industry, by Dorsey Hager. 5th edition (1939). 

466 pp., 204 illus. 5.5 X7.5 inches. Cloth. McGraw-Hill Book Company, 

New York. Price, $3.50. 

Mr. Hager’s purpose in writing this book is to “present a comprehensive 
outline of the petroleum industry and its problems.” In the opinion of this 
reviewer it has been well done, and Fundamentals of the Petroleum Industry 
should be worthwhile reading for any one who wants general information 
covering all branches of the industry, or even for a specialist in one depart- 
ment who does not feel sufficiently familiar with other branches. 


1 Manuscript received, April 15, 1939. 
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Although intended to be comprehensive, the book may probably be 
criticized for its emphasis on the producing end of the business. Out of a 
total of 427 pages, only 27 pages are devoted to refining and 13 pages to 
marketing, which is certainly not a measure of the importance of these divi- 
sions. On the other hand, discussions of such subjects as the world distribution 
of oil, reserves, leasing, and the “‘business” of oil, and oil securities add to the 
breadth of the work, 

There are, of course, some mistakes in the kook such as the omission of 
The Texas Company from the list of major companies on page 50, but the 
author and publishers will undoubtedly hear of these shortly. On the whole 
the material seems to have been thoughtfully chosen and well put together. 

Fundamentals of the Petroleum Industry contains a fund of general infor- 
mation selected by and presented from the viewpoint of a man who has for 
many years been a technician in the industry on which he writes. These may 
or may not be the best qualifications for the author of a book for the general 
reader. On the other hand, it would be difficult for anyone without them to 
do it better. 


RECENT PUBLICATIONS 


ALBANIA 


*“Control of Albanian Oilfields Assures 4% of Italy’s Crude Require- 
ments,” anon. World Petroleum (New York, May, 1939), pp. 26-27; 4 photo- 
graphs. 

ARIZONA 


*“Geology of the Klene Structure in Arizona,’’ by Donald K. Mackay. 
Oil Weekly, Vol. 93, No. 10 (Houston, May 15, 1939), pp. 44-50; 3 figs. 


AUSTRALIA 


“Problems in Australian Oil Search,” anon. Petrol. Times (London, 
January 14, 1939); pp. 52-53. *Abstract, Jour. Inst. Petrol., Vol. 25, No. 186 
(London, April, 1939), p. 121A. 


BELGIUM 


Flore et Faune Houillere de la Belgique (Flora and Fauna of the Belgian 
Coal Series), by the collaboration of A. Renier, F. Stockmans, F. Demanet, 
and V. van Straelen. (1) Text volume in large octavo, 317 pp., 145 figs. 
(2) Album of 144 pls. Commission Administrative du Patrimoine du Musée 
royal d’Histoire naturelle de Belgique, Rue Vautier, 31, Bruxelles. Price: 
200 francs belges (40 Belgas), plus 23.45 frs. belges (4.69 Belgas) for trans- 
portation. 


CALIFORNIA 


*California Oil World Directory, 1938-1939. 176 pp., illus. Directory of 
oil companies and operators. Discoveries, production, reserves, marketing, 
etc. Many maps and tables. Petroleum Publishers, Inc., Los Angeles. In 
boards, 9.25 X 12.25 inches. Price, $5.00. 


COLORADO 
*“Certain Aspects of Cretaceous Stratigraphy in North Central Part of 
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Colorado Geosyncline,” by George W. Harris. Oil Weekly (Houston, Texas), 
Vol. 93, No. 9 (May 8, 1939), pp. 20-26; 3 figs. 

Geologic Map and Section of Piceance Creek Dome, Rio Blanco County, 
Colorado, by William B. Kramer and Robert McMillan. U. S. Dept. Interior 
P. N. 62264 (May, 1939). Depicts area of 110 square miles in the “Little 
Hills Country,” 45 miles northwest of Rifle, Colorado. A few copies available, 
free, at U. S. Geol. Survey, Washington, D. C., and 224 U. S. Customhouse, 
Denver, Colorado. 

CZECHO-SLOVAKIA 


*“Petroleum Resources and Petroleum Economy in the Former Territory 
of Czecho-Slovakia,” by L. Sommermeier. Petrol. Zeit., Vol. 35, No. 14-15 
(Berlin, April 12, 1939), pp. 231-37; 6 figs.; No. 18, pp. 322-24; 1 fig. 


EGYPT 


“Large-Scale Oil Search in Egypt,” anon. Petrol. Times (London, January 
14, 1939), PP. 44-47. *Abstract, Jour. Inst. Petrol., Vol. 25, No. 186 (London, 
April, 1939), pp. 119-20A. 
FRANCE 


*“Search for Oil in France and Her Colonies,” anon. Rev. Petrol. (Paris, 
February 10, 1939), pp. 169-70. In French. *Abstract in English, Jour. 
Inst. Petrol., Vol. 25, No. 186 (London, April, 1939), p. 119A. 

*“Search for Oil in Midi, France,”’ anon. Rev. Petrol. (Paris, January 20, 
1939), pp. 77-78. In French. *Abstract in English, Jour. Inst. Petrol., Vol. 
25, No. 186 (London, April, 1939), p. 119A. 


GENERAL 


*“Geologic Mapping from the Air,’’ by Louis Desjardins and S. Grace 
Hower. Oil and Gas Jour., Vol. 37, No. 52 (Tulsa, May 11, 1939), pp. 44-46, 
59; 8 photographs, 

*“Some Factors in Oil Accumulation,” by V. C. Illing. Jour. Inst. of 
Petroleum, Vol. 25, No. 186 (London, April, 1939), pp. 201-25; 9 figs. Dis- 
cussion, pp. 226-29. 

*“The Analysis of the Kerogen of Oil Shales,” by A. L. Down. Jbid., pp. 
230-37; 6 tables. 

*“Bottom-Hole Measurements in Pumping Wells,” by J. J. Jakosky. 
A.I. M. E. Petrol. Tech., Vol. 2, No. 2 (New York, May, 1939), Tech. Paper 
1058. 23 pp., 10 figs. 

*“A New Device for Determining Porosity by the Gas-Expansion 
Method,” by A. B. Stevens. Jbid., T. P. 1061. 5 pp., 1 fig., 2 tables. 

*“Our Petroleum Supply,” by Hugh D. Miser. Jour. Washington Acad. 
Sciences, Vol. 29, No. 3 (Washington, D. C., March 15, 1939), pp. 93-100. 

*Soil Surveys, by Eugene McDermott. Trade booklet of Geophysical 
Service, Inc., Dallas, Texas. 21 pp., 14 charts, photographs, and maps show 
liquid hydrocarbon and mineralization concentrations. 8.25 10.75 inches. 

*National Research Council Organization and Members, 1938-1939 (2101 
Constitution Ave., Washington, D. C., April, 1939). 64 pp. 

*Annotated Bibliography of Economic Geology. General Index, Volumes 
I-X, 1928-1938. 496 pp. 6.75 X9.50 inches. Published by the Economic 
Geology Publishing Company, Urbana, Illinois. Price, paper, $5.00. 
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*Report of the National Research Council for the Year July 1, 1937-J une 30, 
1938. Reprinted from the Annual Report of the National Academy of Sciences 
for the Year July 1, 1937-June 30, 1938. 68 pp. U. S. Govt, Printing Office, 
Washington, D. C. (1939). 

A Source Book in Geology, by Kirtley F. Mather and Shirley L. Mason. 
686 pp., 6X9 inches, illustrated. McGraw-Hill Book Company, Inc. (New 
York, 1939). Price, $5.00. 

*“Early Exploration Methods,” by H. B. Goodrich. World Petroleum 
(New York, May, 1939), pp. 32-37; 7 illustrations. 

*“Toodle-Bugs Don’t Get Rich,” by Wm. B. Sherrill. Zbid., pp. 46-49; 
7 illustrations. 

*“Simultaneousness of Sedimentation and Folding in Foredeeps,” by H. 
Falke. Petrol. Zeit., Vol. 35, No. 18 (Berlin, May 4, 1939), pp. 309-14. In 
German. 

A Textbook of Geomorphology, by Philip G. Worcester. 565 pp., 375 figs. 
D. Van Nostrand Company, Inc., 250 Fourth Avenue, New York (1939). 
Price, $4.00. 

GREAT BRITAIN 


“Progress of ‘D’Arcy Exploration’ British Oil Search,” anon. Petrol. 
Times (London, January 28, 1939), p. 110. *Abstract, Jour. Inst. Petrol., Vol. 
25, No. 186 (London, April, 1939), p. 120A, 


KANSAS 


*“Effects of Acid Treatment upon the Ultimate Recovery of Oil from 
Some Limestone Fields in Kansas,” by R. E. Heithecker. U. S. Bur. Mines 
ee 3445 (Washington, D. C., April, 1939). 47 mim. pp., 15 figs., 
16 tables. 


LOUISIANA 


*“Structures in Sparta-Wilcox Trend Disclosed by Magnetics,” by Will- 
iam M. Barret. Oil. Weekly, Vol. 93, No. 10 (Houston, May 15, 1939), pp. 42- 
43; Map. 

*“TLouisiana’s First Oil Field,” by E. J. Hagstette, Jr. Louisiana Conser- 
vation Review (New Orleans, Spring number, May, 1939), pp. 11-13; 5 photo- 
graphs. Description of Jennings field. 

*“Preliminary Micromagnetic Survey of the Eola Structure,” by W. P. 
Jenny. Oil Weekly, Vol. 93, No. 12 (Houston, May 19, 1939). Ppp. 34-353 I 
map. 

*“Louisiana and the Ice Age,”’ by Richard Joel Russell. Ibid., pp. 14-18; 
3 photographs. 

MONTANA 


*“Cambrian Stratigraphy and Trilobites of Northwestern Montana,” by 
Charles Deiss. Geol. Soc. America Spec. Paper 18 (New York, April 20, 1939). 
135 PP., 7 figs., 18 pls. 

NEW YORK 
" “Pleistocene Diatoms from Long Island, New York,” by K. E. Lohman. 


U. S. Geol. Survey Prof. Paper 189-H (1939). Pp. 229-37. For sale by Supt. 
Documents, Govt. Printing Office, Washington, D. C. Price, $0.10. 
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OREGON 


“Bibliography of the Geology and Mineral Resources of Oregon,” com- 
piled by the Oregon State Planning Board. Copies may be obtained from 
Conger Printing and Lithograph Company, 1526 S. E. Elliott Avenue, Port- 
land, Oregon. 


ROUMANIA 


“Roumanian Oil-Field Developments in 1938,” anon. Petrol. Times (Lon- 
don, February 4, 1939), p. 143. *Abstract, Jour. Inst. Petrol., Vol. 25, No. 186 
(London, April, 1939), p. 120A. 


TURKEY 


*“Petroleum Prospects near Ekinveren (Turkey),” by Gregor Petunni- 
kov. Petrol. Zeit., Vol. 35, No. 8 (Berlin, May 4, 1938), pp. 315-22; 12 figs. In 
German. 


*“Relations entre la structure régionale et les gisements mineraux et 
pétroliféres de l’Anatolie” (Relations between the Regional Structure and the 
Mineral and Oil Deposits of Anatolie), by P. Arni. Maden Tetkik ve Arama, 
Enstitiisii Mecmuasi, Sene 4, Sayi 2 (Ankara, Nisan, 1939), pp. 29-36; 1 
folded tectonic map in colors. In French. 


*“Contribution to the Knowledge of the Carboniferous Flora in the East- 
ern Part of the Anatolian Coal Basin,” by W. J. Jongmans, with the codpera- 
tion of E. Hofman, W. Senarclens Graney, and R. Koopmans. Stratigraphic 
Institute of Turkey, Ser. B, Paper 2 (Ankara, 1939), 40 pp., 14 pls. of fossil 
leaves. In Turkish and German. 


UGANDA 
*U ganda Protectorate Geol. Survey Ann. Rept. for the Year Ended 31st 
December, 1938 (Entebbe, 1939). 40 pp., folded provisional geological map of 
Uganda (scale, 1:1,000,000. Director E. J. Wayland’s report on field work 
mentions oil structure and seepages investigated by the African and European 
Development Company (p. 6) and suggested dome structure (p. 7). 


U.S.S.R. 


*“Russian Oil Survey, Part I,” by J. Wegrin. World Petroleum (New 
York, April, 1939), pp. 62-68; 2 maps. Part II (May), pp. 61-70; 1 map. 
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THE ASSOCIATION ROUND TABLE 


MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of the 
following candidates for membership in the Association. This does not con- 
stitute an election but places the names before the membership at large. If 
any member has information bearing on the qualification of these nominees, 
he should send it promptly to the Executive Committee, Box 979, Tulsa, 
Oklahoma. (Names of sponsors are placed beneath the name of each nominee.) 


FOR ACTIVE MEMBERSHIP 


Robert Jennings Given, Alma, Mich. 

William F. Brown, Paul M. Buttermore, Kurt H. de Cousser 
Paul Jackson Rudolph, Norman, Okla. : 

Chester Sappington, W. Harlan Taylor, D. B. Winfrey 
Arthur Carlisle Simmons, Bradford, Pa. 

Charles R. Fettke, Charles E. Fralich, F. E. Eckert 


FOR ASSOCIATE MEMBERSHIP 


Lincoln Merchant Arnold, Tulsa, Okla. 

John W. Merritt, Don H. Peaker, Ralph S. Cooley 
Gail A. Barry, San Antonio, Tex. 

Robert H. Cuyler, Fred M. Bullard, J. Earle Brown 
Jerald Howard Bartley, Midland, Tex. 

Berte R. Haigh, Hal P. Bybee, F. L. Whitney 
Carlton Beal, Los Angeles, Calif. 

Ashly S. Holston, Joseph Jensen, H. J. Steiny 
Charles E. Buck, Rhodes, Iowa 

W. A. Waldschmidt, J. Harlan Johnson, F. M. Van Tuyl 
Edward Jolley Combs, Evansville, Ind. 

H. J. Weeks, H. L. Griley, Stanley G. Elder 
Clyde E. Davis, Oklahoma City, Okla. 

Richard W. Camp, A. J. Montgomery, D. A. McGee 
D. M. Ferebee, Vernon, Tex. 

Merrill A. Stainbrook, W. I. Robinson, Raymond Sidwell 
Jerry Robert Kyle, Midland, Tex. 

Berte R. Haigh, Hal P. Bybee, Robert H. Cuyler 
Lester Ray Marshall, Lafayette, La. 

Max Bornhauser, A. K. Tyson, J. A. Culbertson 
Marlowe Douglas Melvin, Seminole, Okla. 

H. L. Rau, Don L. Hyatt, K. A. Ackley 
Charles Edwin Mohler, Moline, II. 

Charles E. Decker, V. E. Monnett, Loren I. Buck 
Lawrence Kendall Morris, Pasadena, Calif. 

H. Hart Pratley, Eliot Blackwelder, A. C. Waters 
Paul Orchard, Lafayette, La. 

Chalmer J. Roy, Harold N. Fisk, H. V. Howe 
Van Alvin Petty, Jr., San Antonio, Tex. 

Hal P. Bybee, Fred M. Bullard, Robert H. Cuyler 
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Harold E. Ward, Luling, Tex. 

Hal P. Bybee, Robert H. Cuyler, Fred M. Bullard 
Hunter Yarborough, Jr., Navasota, Tex. 

Hal P. Bybee, Fred M. Bullard, Robert H. Cuyler 


ADDITIONAL APPLICATIONS 
FOR ACTIVE MEMBERSHIP 

James Samuel Dismukes, Kingsville, Tex. 

L. P. Teas, W. A. Maley, Edward D. Pressler 
Niels C. Georgesen, Wichita, Kan. 

Don B. Wines, E. F. Schramm, A. C. Trowbridge 
Robert P. D. La Touche, Palembang, Sumatra, N. E. I. 

H. W. Rose, P. S. Justice, John D. La Touche 
Norman D. Newell, Madison, Wis. 

Gayle Scott, W. H. Twenhofel, Raymond C. Moore 
Arthur Sebert Price, Chase, Kan. 

Anthony Folger, Virgil B. Cole, Edward A. Koester 
George O. Relf, Jr., Altadena, Calif. 

Arthur H. Petsch, Martin Matson, L. B. Snider 
Robert L. Sielaff, Casper, Wyo. 

O. A. Seager, C. T. Jones, F. A. Bush 
Harry L. Thomsen, Los Angeles, Calif. 

E. F. Davis, F. S. Hudson, W. Hafner 


FOR ASSOCIATE MEMBERSHIP 

William Palen Conway, Jr., Lafayette, La. 

Hugh W. O’Keeffe, D. E. Lounsbery, William Henry Courtier 
Horace Chesterfield Davis, Caracas, Venezuela, S.A. 

Robert H. Cuyler, Fred M. Bullard, Hal P. Bybee 
Clare Wesley Headington, Dallas, Tex. 

Robert H. Cuyler, E. H. Sellards, H. P. Bybee 
Sterling E. Little, Baton Rouge, La. 

H. C. Ferguson, A. J. Bauernschmidt, W. A. Reiter 
Marion Jefferson Moore, San Antonio, Tex. 

Wesley G. Gish, Thomas R. Banks, R. D. Woods 
Ross Marvin Phillips, Tulsa, Okla. 

George D. Louderback, Bruce L. Clark, Lester C. Uren 
Norman Pratt, Port Moresby, Papua 

J. N. Montgomery, Harve Loomis, Norman E. Weisbord 
Duane Chilton Randall, St. Elmo, IIl. 

Phil K. Cochran, M. W. Fuller, E. B. Branson 
Alex Singer, Oklahoma City, Okla. 

Loren I. Buck, Charles E. Decker, V. E. Monnett 
James P. Sloss, San Antonio, Tex. 

Noel H. Stearn, Harry H. Nowlan, Philip S. Schoeneck 


FOR TRANSFER TO ACTIVE MEMBERSHIP 
Manuel Alvarez, Jr., Mexico, D. F. 
Ezequiel Ordofiez, W. G. Kane, Bruce L. Clark 
Laurence F. Lees, Oklahoma City, Okla. 
Donald M. Reese, H. Smith Clark, Jack M. Copass 


(Continued on page 1130) 
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BUSINESS COMMITTEE 


HENRY A. LEY 
San Antonio, Texas 


By our constitution and under Article VI, Section 2, of the by-laws, a 
president may appoint to your business committee “not more than five mem- 
bers-at-large. .. . Also . . . a chairman and vice-chairman... .” 

Article VI, Section 2, a by-law of our constitution, also states: 

The business committee shall act as a council and advisory board to the executive 
committee and the Association. . . . The business committee shall meet the day before 
the annual meeting at which time all proposed changes in the constitution or by-laws 


shall be considered, all old and new business shall be discussed, and recommendations 
shall be voted for presentation at the annual meeting. 


Presidents, since 1932, have not made their appointments to the business 
committee early in their term of office. The practice, heretofore, consisted of 
giving you the composition of this committee in the March Bulletin, which 
you commonly receive just before departing for our annual meetings. 

Your current president does not concur in this practice. Probably all too 
often this practice compels our business representatives, at the annual busi- 
ness meeting, to take personal positions and to express personal views. Given 
sufficient time before the annual meeting, the business representatives can, 
as is most proper, state the wishes and desires of our membership-at-large. 
Two- or three-hour sessions of our business committee, held immediately 
before our annual meeting convenes, can not, in my opinion, do justice to 
business at hand, especially such business as initially arises at the business 
committee meeting. 

Our members-at-large and every member of every local society should and 
can be fully informed concerning most important business to come before the 
Association, at its annual meetings, no less than 60-90 days before the annual 
meeting. Some business matters naturally will arise for the first time during 
the meeting, but most proposed business can be placed before the member- 
ship by recourse to our Bulletin and our business representatives. Members 
then can duly instruct their representatives if they so desire. 

If our business affairs are to receive adequate consideration, irrespective 
of their origin (executive, business representatives, or local societies), it is 
my opinion that fully organized business committees, prepared to function 
at all times throughout a fiscal year, if and when occasion demands, are neces- 
sary. With this in mind, your business committee has been duly organized. 
Through its chairman can flow the wishes of the membership body, the dis- 
trict business representatives, and your executive committee. The following 
appointments to your business committee have been made. 


Chairman, L. C. Morgan, Wichita, Kansas. 

Members-at-Large: Paul L. Applin, Fort Worth, Texas; A. R. Denison, Tulsa, 
Oklahoma; J. V. Howell, Mattoon, Illinois; Max L. Krueger, Los An- 
geles, California; and John N. Troxell, Houston, Texas. 
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ASSOCIATION COMMITTEES 


EXECUTIVE COMMITTEE 


Henry A. Ley, chairman, Southern Cross Oil Company, San Antonio, Texas 
Ep. W. OwENn, secretary, L. H. Wentz (Oil Division), San Antonio, Texas 
Donap C. Barton, Humble Oil and Refining Company, Houston, Texas 
L. Murray Neumann, Carter Oil Company, Tulsa, Oklahoma 

W. A. Ver Wiese, University of Wichita, Wichita, Kansas 


REPRESENTATIVE ON DIVISION OF GEOLOGY AND GEOGRAPHY 
NATIONAL RESEARCH COUNCIL 

Freperic H. LAHEE (1940) 

FINANCE COMMITTEE 
E. DeGotyver (1940) Wattace E. Pratt (1941) W. B. Heroy (1942) 
TRUSTEES OF REVOLVING PUBLICATION FUND 
Ratpu D. REED (1940) GrorGE S. BUCHANAN (1941) E. Fioyp MILLER (1942) 
TRUSTEES OF RESEARCH FUND 
Sam M. Aronson (1940) Artuur A. BAKER (1941) WALTER R. BERGER (1942) 


BUSINESS COMMITTEE 
L. C. MorcGan (1940), chairman, 358 North Dellrose, Wichita, Kansas 


C. C. ANDERSON (1940) C. E. Dossrn (1941) Vircit PETTIGREW (1940) 
H. K. Armstronc (1941) H. L. Driver (1941) Paut H. Price (1941) 

A. A. BAKER (1940) Devmar R. (1941) GAYLE Scott (1940) 

W. A. Baker (1939) H. M. Hunter (1941) H. B. STENZEL (1940) 

D. C. Barton (1940) G. M. KNEBEL (1941) W. T. Txom, JR. (1941) 


E. J. Bartosx (1940) Henry A. Ley (1941) W. C. THompson (1940) 
N. Woop Bass (1941) P. W. McFartanp (1940) C. W. Tomitnson (1941) 


A. H. Bett (1941) C. C. MILier (1941) W. A. Ver WrEBeE (1940) 

J. Boyp Best (1941) C. L. Moopy (1941) E. B. Witson (1941) 

L. D. Cartwricut (1941) L. M. NEuMANN (1940) W. B. Witson (1940) 

J. I. Dantets (1941) H. H. Nowtan (1941) Rosert H. Woop (1941) 

R. K. DeForp (1941) Ep. W. OWEN (1940) C. E. YaGer (1941) 
MEMBERS-AT-LARGE 

Paut L. (1940) . V. HowE (1940) Joun L. TRoxett (1940) 

A. R. DeEntson (1940) dias L. KRUEGER (1940) 


REPRESENTATIVES TO SIXTH PACIFIC SCIENCE CONGRESS 
PACIFIC SCIENCE ASSOCIATION 
Roy M. Barngs, Continental Oil Company, Los Angeles, California 
Harotp W. Hoots, Richfield Oil Corporation, Los Angeles, California 
Max L. Krvuecer, Union Oil Company, Los ‘Angeles, California 
Stan.ey G. Wisster, Union Oil Company, Compton, California 


REPRESENTATIVE TO MINNEAPOLIS MEETING 
GEOLOGICAL SOCIETY OF AMERICA 


R. S. Knapren, Gulf Oil Corporation, Tulsa, Oklahoma 
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ASSOCIATION COMMITTEES 


COMMITTEE FOR PUBLICATION 
R. E. RETTGER (1942), chairman, Sun Oil Company, Dallas, Texas 


1940 1941 1942 

C. ADDISON Tuomas H. ALLAN Cares G. CARLSON 
C. I. ALEXANDER T. C. Craic James Terry Duce 
GeEorcE R. Downs A. B. Gross Coteman D. HuNTER 
Haroip W. Hoots Rosert F. Lewis W.McNAvUGHTON 
J. HarLan JOHNSON J. T. RicHarps James L. Tatum 

A. M. Lioyp J. Marvin WELLER Frep H. Witcox 


J. MAUCINI 
Granam B. Moopy 


RESEARCH COMMITTEE 
A. I. LEvorSEN (1942), chairman, 221 Woodward Boulevard, Tulsa, Oklahoma 


1940 1941 1942 
Howarp S. BRYANT E. WayNE GALLIHER N. Woop Bass 
EvuGENE McDERMoTT W. S. W. Kew Monroe G. CHENEY 
GAYLE Scott Joun C. MILLER Ronatp K. DEForp 
D. Perry OLcott Beta HusBarRD 
Ben H. PARKER T. E. WErric# 


WENDELL P. RAND 
F. W. RotsHAUSEN 


GEOLOGIC NAMES AND CORRELATIONS COMMITTEE 
Jon G. Bartram (1942), chairman, Stanolind Oil and Gas Company, Tulsa, Oklahoma 


1940 1941 1942 
K. Cocnran Mowroe™ G. CHENEY Joun E. ApAms 
GLENN S. DILLE Rosert H. Dorr GENTRY Kipp 
BENJAMIN F. HAKE Harorp N. Hickey Hues D. MIsER 

R. M. MERLE C. ISRAELSKY Raymonp C, Moore 

C. W. ToMLINsOoN Wa ter K. Linx 


PERMIAN SUB-COMMITTEE 
C. W. TomLtnson (1940), chairman, 509 Simpson Building, Ardmore, Oklahoma 


1941 1942 
Monroe G. CHENEY Joun E. Apams 
Rosert H. Dorr Raymonp C. Moore 


COMMITTEE ON APPLICATIONS OF GEOLOGY 


Carrot E. Dossin (1942), chairman, U. S. Geological Survey, 224 Custom House? 
nver, Colorado 
J. CLARENCE KARCHER (1942), vice-chairman representing geophysics, 406 Continental 
Building, Dallas, Texas 
CarEY CRONEIS (1942), vice-chairman representing paleontology, Walker Museum 
University of Chicago, Chicago, Illinois 


; 1940 1941 1942 

B. B. WEATHERBY E. E. ROsAIRE E. KENNEDY 

COMMITTEE STUDYING METHODS OF ELECTING OFFICERS 
WattTER R. BERGER, chairman, Trinity Building, Fort Worth, Texas 

I D. C. Barton R. M. BaRNEs A. R. DENISON C. E. Dossin 
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FIELD TRIPS! 


HENRY A. LEY 
San Antonio, Texas 


Field trips! These and our evening study groups are the two great un- 
tapped natural assets of this Association. You are met here to begin the four- 
teenth annual field trip of the Shreveport Geological Society. Do we always 
recognize the importance of field trips, and the foundations on which they 
fundamentally rest? 

The foundations of field trips are observations. These observations often 
enable us to fill in critical gaps and to compose vivid fragments into the 
whole. Observation is a fundamental activity in all sciences. Without observa- 
tion, there can be little progress except in the realm of metaphysics. Witness 
historically how rapid has been the progress of science since Bacon, Galileo, 
and Descartes resolved to throw off the shackles of medieval metaphysics 
and to begin anew by investigating the common every-day things seen and 
felt by man. Yet it took a century or more of observations and deliberations 
to establish to-day’s commonly accepted nursery facts. 

Lahee’s editorial note in the November, 1938, number of our Bulleti 
frankly recognizes and calls attention to a distressing situation, ““Where Shall 
Our Young Graduates in Petroleum Geology Acquire Field Experience?” 
The importance of field experience in the training and education of a geolo- 
gist lies largely in first-hand contacts with physical phenomena that can be 
seen and felt—briefly, direct observation. 

In the course of present-day geological work very little field geology is in 
progress. There are only a few men now engaged in field geology, and not all 
of them continuously. There is little liklihood that we shall ever again witness 
the extensive and continuous field observations widespread over this country 
prior to 1925. Man must adapt himself to and make terms with his environ- 
ments. These environments, especially the economic, can often be brought 
around to the partial advantage of man. 

You are to be commended on your fine appreciation of geologic field trips, 
which trips I hope will continue to be an annual feature of the Shreveport 
Geological Society for many years to come. If there is to be less and less 
commercial field geology, then field trips must become increasingly impor- 
tant. Their scope must be expanded, as should be the time in days of each 
trip. Even more important will be the codperation of those geologists within 
all companies, who are the liaison between the geologists and management. 
They must have the fortitude which will permit most or all of their depart- 
mental employees to attend their own local district field trips with expenses 
paid. 

If field trips and evening study groups are great untapped natural assets 
of the A. A. P. G., then I am convinced much more time and thought should 
be devoted to them. It is even probable that more and better field trips, at 
least one a year in each local society, will be of more lasting value to the 
members-at-large than the national mid-year’ meeting of the A. A. P. G. 
Frankly, I should like to see our mid-year national meeting replaced by in- 
spiring field trips, one annually by each local district. For our young and 
older members alike, field trips are the necessary background for a fuller 
understanding of geologic time-sense, and a fuller grasp of local and regional 
stratigraphic persistence and/or discontinuity. These trips, while they do not 
permit the younger members to analyze and solve field problems first hand, 
do on the other hand bring them into direct contact with surface phenomena. 


1 The Fourteenth Annual Field Trip of the Shreveport Geological Society, con- 
vening June 1 with a dinner at the Grim Hotel, Texarkana, Texas, prompted the fol- 
lowing presidential remarks. They are not the official opinions or conclusions of the 
executive committee of the A.A.P.G. 
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RESEARCH NOTES 


ASSOCIATION RESEARCH COMMITTEE 


A. I. LEvorsEN (1942), chairman, 221 Woodward Boulevard, Tulsa, Oklahoma 
1940 1941 1942 


Howarp S. Bryant E. Wayne GALLIBER N. Woop Bass 
G. Moses KNEBEL W. S. W. Kew Monroe G. CHENEY 
McDermott Joun C. MILLER Ronarp K. DeForp 
AYLE Scott D. Perry Beta HusBarpD 
BEN H. Parker T. E. Wermica 


WENDELL P. 
F. W. RotsHAvusEN 


The purpose of the research committee is the advancement of research within the 
field of petroleum geology. If members working actively in research on particular prob- 
lems care to register with the research committee, the committee will be glad to aid 
them in any way it can and put them in touch with other men who are, or have been, 
working on similar or allied problems and can perhaps effect some integration of the 
research work of the Association. If the younger, or older, members of the Association, 
who are doing or preparing research for publication, will come to any member of the 
committee, he will be very glad to offer whatever advice, counsel, or criticism he can in 
regard to the research, its prosecution, or its preparation for formal presentation. The 
committee would be glad to have members formulate and present to it suggestions in 
regard to research problems and programs. 


SURVEY OF COLLEGES ATTENDED BY MEMBERS 
AND ASSOCIATES OF THE ASSOCIATION! 


A. I. LEVORSEN? 
Tulsa, Oklahoma 


The following survey of the schools which our members and associates 
attended was prepared for its general interest and also in preparation for a 
closer contact by the research committee with the various university geo- 
logical departments. Each of the 3,017 applications for membership on file 
in the headquarters office of the Association was examined and the school or 
schools which the applicant had attended were tabulated. The first column of 
Table I headed “Undergraduate—Without Degree” means the number of 
applicants who attended the school as an undergraduate student but who did 
not receive a degree from the school listed. The second column headed ‘‘Un- 
dergraduate—Bachelor Degree” means the number of applicants who received 
Bachelor degrees from the school listed. The third column headed “Total 
Undergraduate” means the total number of applicants who did undergradu- 
ate work at the school listed and is the sum of the first two columns. The 
fourth column headed “Graduate—With or Without Degree’ means the 
number of applicants who received instruction in the graduate school whether 
receiving a Master degree, a Doctor degree, or no degree. 

For example, if an applicant went to the University of Oklahoma for his 
Freshman, Sophomore, and Junior work and to the Univeristy of Missouri for 
his'Senior work where he received a Bachelor degree in geology, the Univer- 
sity of Oklahoma would be counted once in the first column and the Uni- 
versity of Missouri once in the second column. If the same applicant then 
went to the University of Chicago for his graduate work and received a 


1 Manuscript received, May 16, 1939. 
2 Chairman, research committee. 
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TABLE I 


COLLEGES AND UNIVERSITIES IN UNITED STATES ATTENDED BY A.A.P.G. 
MEMBERS AND ASSOCIATES 


Undergraduate Graduate 
With or 
School Withous| Pache- | Total | Without 
Degree Degree |graduate Advanced 
Degree 
ALABAMA 
Alabama Polytechnic Institute, Auburn....... 3 2 5 
ARIZONA 
University of Arizona, Tucson............... 4 13 17 3 
SAS 
University of Arkansas, Fayetteville.......... 8 14 22 I 
CALIFORNIA 
California Institute of Technology, Pasadena. . 4 12 16 14 
University of California, Berkeley............ 17 139 156 92 
University of California, Los Angeles......... 6 25 31 4 
Occidental College, Los Angeles.............. 2 5 7 
Pomona College, Claremont.................. 3 15 18 I 
University of Southern California, Los Angeles. 9 9 18 7 
Stanford University, Stanford................ 17 160 177 68 
CoLorapo 
Colorado College, Colorado Springs........... 3 5 8 2 
Colorado School of Mines, Golden............ 17 85 102 24 
Colorado State College, Fort Collins.......... 2 4 6 
University of Colorado, Boulder.............. 6 54 60 23 
University of Denver, Denver................ 3 2 5 I 
CONNECTICUT 
Yale University, New Haven................ 3 25 28 48 
District oF COLUMBIA 
George Washington University............... 4 8 12 9 
GEORGIA 
Georgia School of Technology, Atlanta........ 6 I 7 
IDAHO 
University of Idaho, Moscow................ 2 3 5 2 
f Chi Chi 8 98 
niversity of Chicago, Chicago............... 13 5 147 
University of Illinois, Urbana................ 8 34 42 34 
Northwestern University, Evanston........... 3 13 16 18 
INDIANA 
DePauw University, Greencastle............. 6 6 I 
Indiana University, Bloomington............. 5 25 30 14 
Purdue University, Lafayette................ 6 2 8 2 
Iowa 
Towa State College, Ames................... 3 3 6 I 
University of Iowa, Iowa City............... 3 36 39 41 
KANSAS ; 
Kansas State College, Manhattan............ 4 2 6 
University of Kansas, Lawrence.............. 26 74 100 23 
Southwestern College, Winfield............... 7 5 12 
Municipal University of Wichita, Wichita. .... II 15 26 3 
KENTUCKY 
University of Kentucky, Lexington........... 5 26 31 7 
LovISIANA 
Centenary College, Shreveport............... 3 2 5 I 
Louisiana State University.................. 4 47 51 22 
Tulane University, New Orleans.............. I 7 8 3 
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IIIg 
TABLE I—Continued 
Undergraduate Graduate 
School With or 
Withous| Bache | Taal | Without 
Degree Degree |graduate Advanced 
Degree 
MAINE 
Colby College, Waterville. .................. 5 5 I 
MARYLAND 
Johns Hopkins University, Baltimore. ........ 6 24 30 46 
MASSACHUSETTS 
Harvard University, Cambridge.............. 29 29 39 
Massachusetts Institute of Cam- 
MICHIGAN 
Michigan College of Mining & Technology, 
Univertiier of Michigan, Ann Arbor........... 8 43 51 25 
MINNESOTA 
University of Minnesota, Minneapolis......... 5 46 51 28 
MIssoURI 
Drury College, Springfield................... 2 8 10 
University of Missouri, Columbia............ 10 43 53 31 
Missouri School of Mines & Metallurgy, Rolla. 9 55 64 13 
Washington University, St. Louis............. 3 4 7 10 
MONTANA 
Montana School of Mines, Butte............. 3 2 5 
Montana State University, Missoula.......... 5 5 10 3 
NEBRASKA 
University of Nebraska, Lincoln.............. 15 95 IIo 19 
NEVADA 
University of Nevada, Reno................. 4 I 5 
NEW HAMPSHIRE 
Dartmouth College, Hanover................ 2 10 12 I 
NEW JERSEY 
Princeton University, Princeton.............. I 23 24 12 
New Mexico 
New Mexico School of Mines, Socorro......... 3 3 6 
University of New Mexico, Albuquerque. ... ... 4 $ 7 
New 
Colgate University, Hamilton................ I sg 6 
Columbia University, New York City......... 6 24 30 78 
’ New York University, New York City........ I 6 7 2 
University of Rochester, Rochester........... 6 6 4 
Syracuse University, Syracuse................ 3 9 12 5 
Norta CAROLINA 
University of North Carolina, Chapel Hill... . . I II 12 4 
Norte Dakota 
University of North Dakota, Grand Forks... .. 2 3 5 I 
HIO 
University of Cincinnati, Cincinnati.......... 2 8 10 5 
Denison University, Granville................ 2 12 14 I 
Oberlin College, Oberlin..................... I 12 13 5 
Ohio State University, Columbus............. 9 17 26 9 
Ohio Wesleyan University, Delaware.......... 6 4 10 I 
College of Wooster, Wooster................. 4 5 9 


| 
| 
| 
i 
j 
| 
| 
| 
| 
| 
‘ oe 
| 
| 
| 4 
£ 
4 
ig, 


RESEARCH NOTES 


TABLE I—Continued 


Undergraduate _ Graduate 


| Bache-| Total | With or 


School Without Tor | Under-| Without 
Degree Degree graduate Advanced 
Degree 
OKLAHOMA 
Oklahoma A. & M. College, Stillwater........ 7 9 16 
Oklahoma Baptist University, Shawnee....... 6 6 
Oklahoma City University, Oklahoma City... . 5 2 7 
University of Oklahoma, Norman............ 69 328 397 76 
University of Tulsa, Tulsa........... dena 14 II 25 I 
OREGON 
Oregon State College, Corvallis............... 5 4 9 
University of Oregon, Eugene................ 2 10 12 7 
PENNSYLVANIA 
Carnegie Institute of Technology, Pittsburgh. . 6 II 17 
Lehigh University, Bethlehem................ 2 7 9 2 
Pennsylvania State College, State College... .. 7 20 27 3 
University of Pennsylvania, W. Philadelphia. . . 3 6 9 5 
University of Pittsburgh, Pittsburgh.......... 5 50 55 26 
Souta DaKoTa 
South Dakota School of Mines, Rapid City... . 5 5 
TENNESSEE 
Vanderbilt University, Nashville............. 5 5 7 
TEXAS 
Austin College, Sherman.................... 5 5 
Baylor University, Waco.................... 2 4 6 
Southern Methodist University, Dallas........ 12 21 33 I 
Texas A. & M. College, College Station....... 15 25 40 4 { 
Texas Christian University, Forth Worth...... 5 21 26 9 
Texas School of Mines, El Paso.............. 3 5 8 
Texas Technological College, Lubbock. ....... 3 12 15 2 
University of Texds, Austin.................. 54 132 186 49 
Utan 
University of Utah, Salt Lake City........... II II 4 f 
VIRGINIA | 
‘ Virginia Polytechnic Institute, Blacksburg... . . I 2 3 2 
. a University of Virginia, Charlottesville......... 3 3 4 
WASHINGTON 
7 Washington State College, Pullman........... I 4 5 2 
University of Washington, Seattle............ 4 31 35 10 
WEsT VIRGINIA 
ais West Virginia University, Morgantown........ 4 18 22 8 
WISCONSIN 
University of Wisconsin, Madison............ 14 68 82 53 
WYoMING 
University of Wyoming, Laramie............. I 14 15 9 
Tetals—United States.................... 615 | 2,390 | 3,005 | 1,312 


Master degree and from there went to Yale University where he received 
his Ph. D., each of these schools would be counted once in the fourth 
column. 

No distinction was made as to whether the applicant applied for full or 
associate membership and in some cases there undoubtedly was additional 
college work taken after the application was filed and of which we have no rec- 
ord. Only those schools located in the United States are listed in which the 
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total of the third and fourth columns is five or more, and in the foreign schools 
only those are listed in which the total is three or more. 

Following the detailed listing of the individual schools, the results are 
summarized in four tables showing the numerical ratings of the schools and 
states with the largest attendance. These tables might be considered as an 
index of the influence of the various schools on the thinking of our profession. 


TABLE II 


COLLEGES AND UNIVERSITIES OUTSIDE UNITED STATES ATTENDED BY A.A.P.G. 
MEMBERS AND ASSOCIATES 


Undergraduate Graduate 
With or 
School ‘ Bache-| Total | Without 
lor | Under- | Advanced 
8 Degree graduate Degree 
AUSTRALIA 
University of Adelaide. ..................... 2 2 I 
AUSTRIA 
I 2 3 2 
CANADA 
2 6 8 I 
University of British Colombia............... I 2 3 
University of Manitoba......... 3 3 I 
I 6 7 
University of Toronto....................... 8 8 3 
ENGLAND 
University of Birmingham................... 8 8 I 
Imperial College of Science.................. 3 3 I 
4 4 I 
FRANCE 
Ecole de Mines, Paris......................- 5 5 I 
2 2 I 
gaa 2 2 2 
University of Sorbonne...................... I I 2 
University of Strasbourg.................... 2 4 6 4 
GERMANY 
2 2 4 
University of Breslau... I I 2 
University of Géttingen..................... I 7 8 5 
University of Heidelberg.................... I I 5 
JAPAN 
a | 3 3 I 
NETHERLANDS 
University of Leiden... | 2 2 I 
Technical University, Delft.................. | 10 10 I 
ScoTLAND 
University of Glasgow.......................| 3 3 I 
SWITZERLAND | 
| I 16 17 9 
University of Berne... 5 5 6 
University of Lausanne..................... | 4 4 4 
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TABLE III 
20 HIGHEST RANKING COLLEGES IN NUMBER OF UNDERGRADUATES 
1. University of Oklahoma. ..... 307. +11. University of Colorado........ 55 
2. University of Texas........... 186 12. University of Pittsburgh....... 55 
3- Stanford Universitly........... 177. 13. University of Missouri......... 53 
4. University of California........ 156 14. University of Minnesota....... 51 
5. University of Nebraska........ 110 —s: 5. University of Michigan........ 51 
6. Colorado School of Mines...... 102 16. Louisiana State University..... 51 
7. University of Kansas.......... 100 Cornell University............ 40 
8. University of Chicago......... 40 
9. University of Wisconsin. ...... 82 19. University of Iowa............ 39 
10. Missouri School of Mines. ..... 64 20. University of Washington...... 35 
TABLE IV 
20 HicHEest RANKING COLLEGES IN NUMBER OF GRADUATES 
1. University of Chicago......... 147. +11. University of Iowa............ 41 
2. University of California........ 92 12. Harvard University........... 39 
3- Columbia University.......... 78 13. University of Illinois.......... 34 
4. University of Oklahoma....... 76 14. University of Missouri......... 31 
5. Stanford University........... 68 15. University of Minnesota....... 28 
6. University of Wisconsin... .... 53 16. University of Pittsburgh....... 26 
7. University of Texas........... 49 17. University of Michigan........ 25 
8. Cornell University. ........... 48 18. Colorado School of Mines...... 24 
9. Yale University............... 48 19. University of Colorado........ 23 
10. Johns Hopkins University...... 46 20. University of Kansas.......... 23 
TABLE V 
20 HicHEest RANKING COLLEGES IN ToTAL NUMBER OF UNDERGRADUATES 
: AND GRADUATES 
7 1. University of Oklahoma....... 473 11. Cornell University............ 88 
= 2. University of California........ 248 12. University of Missouri......... 84 
3- Stanford University........... 245 13. University of Colorado........ 83 
4. University of Chicago......... 245 14. University of Pittsburgh....... 81 
5. University of Texas........... 235 15. University of Iowa............ 80 
6. University of Wisconsin... .... 135 16. University of Minnesota....... 79 
7. University of Nebraska........ 129 17. Missouri School of Mines...... 77 
8. Colorado School of Mines... ... 126 18. Johns Hopkins University...... 76 
9. University of Kansas.......... 123 19. University of Michigan........ 76 
10. Columbia University.......... 1c8 20. Louisiana State University... . 73 
’ TABLE VI 
3 10 Hicuest RANKING STATEs IN ToTAL NUMBER OF UNDERGRADUATES 
AND GRADUATES 
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SEDIMENTS FROM GULF OF MEXICO! 


A. I. LEVORSEN? 
Tulsa, Oklahoma 

The United States Coast and Geodetic Survey is codéperating with the 
committee of geologists from the Houston Geological Society under the 
chairmanship of F. W. Rolshausen in the collecting of bottom sediments from 
the Gulf of Mexico. The work of collecting the samples is being done by the 
crew of the ‘“Hydrographer” under the command of Captain G. C. Mattison. 

Grab samples of the bottom sediments are being taken systematically 
over a large area and the position of each sample is accurately determined. 
The samples are being examined by the members of the committee for their 
foraminiferal content and their mineral and mechanical composition, and 
this information is correlated with the depth and temperature of the water 
and the relations to the shore line, currents, and similar factors. The residues 
and excess samples are being permanently stored in the Houston area. 

This project was approved by the Association at the March, 1939, 
annual meeting upon the recommendation of the research committee and of 
the Houston Geological Society. It is one of wide interest to petroleum 
geologists and to others interested in sedimentation and was made possible 
only by the generous assistance of the Coast and Geodetic Survey. 


1 Manuscript received, May 29, 1939. 
2 Chairman, research committee. 


} 

| 
| 
| 
| 

| 

| 

} = 


BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
VOL. 23, NO 7 (JULY, 1939), PP. 1124-1130 


AT HOME AND ABROAD 


CURRENT NEWS AND PERSONAL ITEMS 
OF THE PROFESSION ‘ 


ARTHUR J. TIEJE, of the University of Southern California, Los Angeles, 
California, sailed from San Francisco for Hongkong, June 16, on the ‘‘Presi- 
dent Pierce.” He hopes to add, in Borneo and probably in Siam, to his fo- 
raminiferal collections secured in recent years in the Fiji Islands, Australia, 
Bali, Sumatra, Burma, and India. Mail will be forwarded by the American 
Express Company, Hongkong. 


The seventh annual petroleum conference of the Illinois-Indiana Pe- 
troleum Association was held at Robinson, Illinois, June 3, 1939. The follow- 
ing papers were presented: ‘“‘Structural and Isopachous Map of the Devonian 
of Indiana,” by J. R. Harris, geologist, Conservation Department of Indi- 
ana; “Subsurface Stratigraphy from Well Cuttings, and the Devonian Out- 
crops of Clark County, Indiana,” by RALPH Esarey, State geologist of Indi- 
ana; “Subsurface Distribution and Stratigraphy in Illinois,” by L. E. 
WorkMaN, subsurface geologist, Illinois State Geological Survey; “Oil and 
Gas Possibilities of Illinois,” by Atrrep H. BELL, geologist and head of the 
Oil and Gas Division of the Illinois Survey; ““Geophysical Methods in the 
Exploration for Oil,” by Frep Ount, geophysicist, Shell Oil Company, Inc., 
Centralia, Illinois; “Gas Injection Methods of Increasing Recovery,” by 
R. J. SULLIVAN, division engineer, Carter Oil Company, Mattoon, Illinois: 
“Core Analysis Theory and Practice,” by Ep. S. SHAKELY, exploitation engineer, 
Shell Oil Company, Inc., Centralia; “Multiple Sand Production Practices,” 
by Bart DELaat, division production engineer, and W. M. Saxon, produc- 
tion engineer, Pure Oil Company, Olney, Illinois; “Welded Casing Prac- 
tices,” by G. M. STEARNS, assistant professor of petroleum engineering, Uni- 
versity of Oklahoma, Norman, Oklahoma; “Present Status of Southeastern 
Illinois Oil Fields,” by M1LLarp FLoop, petroleum engineer, Ohio Oil Com- 
pany, Robinson, Illinois. 


STANLEY C. HEROLD, consultant in oil-field exploitation problems pertain- 
ing to recovery, 811 West Seventh Street, Los Angeles, California, concludes 
his series, “I Accuse,” in the May Petroleum World. These articles form a 
fearless and philosophical analysis of the knowledge and ignorance of petro- 
leum technologists about oil and gas reservoirs. Petroleum technologists seem 
to have suffered from the early influence of theoretical geologists and seem 


now to be lured astray by mathematicians. “‘ . . . geologists in the role of pe- 
troleum engineers gave technology a bad start.” ‘‘Petroleum technology not 
only got off to a bad start ..., but now it appears to be doomed for some 


time to come because of the beauty of empty mathematical equations. Beauty 
is always measured and expressed in terms of a ‘high seductivity factor.’ If 
you have not read these articles, get the Petroleum World (Los Angeles) of 
November, 1938, through May, 1938. 


Jounson BENNETT, chief geologist for the B. O. D. Company, Ltd., may 
be addressed at Qaiyarah, Iraq. 


Fiint Humpurey AGEE, formerly at 6115 Middleton, Huntington Park, 
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California, is now with The Atlantic Refining Company of Cuba, Edificio La 
Metropolitana 401, Havana, Cuba. 


Mitton W. Corsin has changed his address from Worcester, Massachu- 
setts, to Grand Canyon National Park, Grand Canyon, Arizona. 


Pavut H. Umpaca, recently at State A. and M. College, Magnolia, Arkan- 
sas, is located at Yellowstone National Park, Wyoming. 


GeorGE E. Bourton, district geologist for the Sun Oil Company at San 
Angelo, has moved to Midland, Texas. Other geologists in this district trans- 
fer are HANS WINKLER and H. F. PIeRce. 


Paut WEAVER, of the geophysical department of the Gulf Oil Corpora- 
tion at Houston, spoke before the South Texas Geological Society at Corpus 
Christi, discussing ““Chemistry of Ground Water—What Oil Geologists Can 
Learn from It and How It Affects the Formation and Exploration of Oil 
Fields.” 


Harris ALLEN, of the Phillips Petroleum Company, has been transferred 
from Owensboro, Kentucky, to Evansville, Indiana. 


Joseru M. Dawson, geologist in charge of the San Antonio office of the 
Gulf Oil Corporation, has been transferred to Corpus Christi, Texas. 


Matvin G. HorrMan, chief geologist of the Midco Oil Corporation, Tul- 
sa, Oklahoma, spoke before the Kansas Geological Society, June 6, on “The 
Réle of Isostasy in Mountain Building.” 


W. C. Apams has been transferred from the Tulsa office of the Deep Rock 
Oil Corporation to take charge of a new branch office at Houston, Texas. 


The Tulsa Geological Society presented the following program at its 
regular meeting, May 29, at Tyrrell Hall auditorium, University of Tulsa: 
Max LITTLEFIELD, Gulf Oil Corporation, Tulsa, ‘Comment on Limestone 
Porosity”; T. C. Hiestanp and P. B. Nicnots, Indian Territory Illuminating 
Oil Company, Bartlesville, ‘“Drilling Time Data in Rotary Drilling.” 


The Kansas Geological Society announces its Thirteenth Annual Field 
Conference to be held in southern Illinois and eastern Missouri, August 30 to 
September 3, with the codperation of the State Geological Survey of Illinois, 
the Missouri Geological Survey and Water Resources, and the Illinois Geo- 
logical Society. 

The purpose of this conference is to study the pre-Pennsylvanian rocks 
of southern Illinois and southeastern Missouri. Of exceptional interest to Gulf 
Coast geologists is a short trip to the northern tip of the Mississippi Embay- 
ment where excellent exposures may be seen of the contact of the Upper 
Cretaceous with the Paleozoic rocks as well as the contact of the Lower Eo- 
cene with the Upper Cretaceous. 


H. A. BUEHLER, State geologist of Missouri, and M. M. Lercuron, chief 
of the State Geological Survey of Illinois, will direct the Conference. J. 
Marvin WELLER, geologist and head of areal and engineering geology divi- 
sion of the Illinois Geological Survey, will lead the trip in Illinois and H. S. 
McQUEEN, assistant State geologist of the Missouri Geological Survey, will 
lead in Missouri. ; 

The conference will convene at East St. Louis and end at Rolla, Missouri. 
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A registration fee not exceeding $8.00 includes the price of the guide book. 
Extra guide books may be purchased for not more than $5.00 each. 

More details are available from the committee on arrangements, LESLIE 
M. CrarK, chairman, Cart L. Larson, Vircit Cote, and Zenas E. Stucky, 
Inquiries may be directed to the Kansas Geological Society, 412 Union Na- 
tional Bank Building, Wichita, Kansas. 


The Pacific Section of the Association reports the conclusion of a satis- 
factory series of spring meetings. The following speakers and subjects have 
been presented: J. R. PEMBERTON, “Central American Fishing and Marine 
Bird Life’; CLaupE Lracu, “Recent Geological Work in Alaska”; R. B. 
Moran, “Geological Notes on Peru”; CHEsTER Stock, “Vertebrate Fauna 
of California Tertiary”; E. V. WINnTERER, “New Zealand”; EucENE Mc- 
Dermott, ‘Concentrations of Hydrocarbons within the Earth’’; and L. R. 
Martineau, “Geolawyers and Lawgineers.” The annual spring outing was 
held May 12 and 13. An-excellent barbecued camp dinner prepared by 
“Bos” Moran was enjoyed by 100 members after an interesting field trip 
through the Santa Susana Mountains, Los Angeles County, under the guid- 
ance of W. S. W. Kew. A night in the open and a camp breakfast the next day 
were enjoyed by the more hardy of the group. 


J. Wm. Gwinn, formerly with the Standard Oil Company of Louisiana, 
Shreveport, Louisiana, is with the Petroleum Concessions (Syria and Leba- 
non) Ltd., Deir-ez-Zor, Syria. 


Haro ip S. THomas, geological engineer, Box 3586, Oklahoma City, Okla- 
homa, announces his availability for making appraisals, special investigations, 
and technical reports. 


An expanded program is planned by the geology department of the Uni- 
versity of Kansas for the coming year. The degree of Bachelor of Science in 
Geology will be offered for the first time, and will be based on new 4-year 
curricula allowing options in general geology, petroleum geology, or mining 
geology. Under this scheme a greater amount of professional work will be 
included than was permitted under the B. A. curriculum in effect heretofore. 
In addition, a 5-year curriculum leading to the combined degree of Bachelor 
of Science in Geophysics and Master of Science is to be inaugurated. On the 
graduate level, three new courses are to be introduced: principles of stratig- 
raphy, by R. C. Moore; ground water geology, by K. K. LANpEs; and geo- 
logical interpretation of aérial photographs, by H. T. U. Smiru. Landes will 
serve as chairman of the department succeeding Moore, who has withdrawn 
in order to devote more time to the enlarged program of the State Geological 
Survey. Ropert M. Dreyer, from the California Institute of Technology, 
will be added to the instructional staff. 


F. H. Lauwer, chief geologist for the Sun Oil Company, gave a 15-minute 
talk at the Monday luncheon of the South Texas Geological Society in San 
Antonio, Texas, on June 12. His subject was ““Random Notes on our Franken- 
stein.” 


Henry A. Ley, president of the Association, was the guest speaker at 
the North Texas Geological Society in Wichita Falls, June 7, speaking on 
Association affairs. Afterward, L. A. Puzin, district manager for Schlum- 
berger Well Surveying Corporation, gave a Schlumberger cross section from 
Wilbarger to Clay County. 
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C. E. NeepHaM, for some months acting president, has been made presi- 
dent of the New Mexico School of Mines and Director of the New Mexico 
Bureau of Mines and Mineral Resources. M. L. THompson, district geologist 
for the Phillips Petroleum Company, Lafayette, Louisiana, has been made 
assistant professor of geology and paleontology, and geologist for the New 


Mexico Bureau of Mines and Mineral Resources to fill the vacancy created . 


by Needham’s advance to the presidency. 


The West Virginia Geological Survey and the Department of Geology of 
West Virginia University were hosts to the members of the Field Conference 
of Pennsylvania Geologists on a tour through eastern West Virginia, May 27- 
30. Registration at the Survey offices in Morgantown, West Virginia, showed 
a total of 50 persons representing 5 states, 7 universities, 4 major oil com- 
panies, and 3 State geological surveys. Following short local sightseeing trips 
out of Morgantown Saturday afternoon, and a dinner at the University 
Student Center at night, the party drove south, morning of the 28th, 182 
miles to Gauley Bridge where New River and Gauley River join to form the 
Kanawha River, about 40 miles east of Charleston; then 80 miles southeast 
to White Sulphur Springs. On the 29th, the trip was continued 111 miles 
northeastward to Petersburg, and on the 30th, 95 miles farther, ending at 
Berkeley Springs. Rocks observed on the trip ranged in age from Ordovician 
through Pennsylvanian. A detailed (mimeographed) log of the trip was com- 
piled by E. T. Heck, who was also in charge of local arrangements. The mem- 
bers of the committee on arrangements were B. J. MILLER, Lehigh University, 
R. E. SHERRILL, University of Pittsburgh, and Paut H. Price, State geologist 
of West Virginia and head of the department of geology of West Virginia 
University. 


The third annual field trip and picnic of the Pacific Section of the Society 
of Economic Paleontologists and Mineralogists was held at Bakersfield, 
California, June 2 and 3, “to learn what the other fellow knows about the 
Eocene of Coalinga.’”’ At dinner at the El Tejon Hotel, June 2, the following 
program was given: CHARLES R. CANFIELD, “A Brief Résumé of Eocene 
Literature—Coalinga District”; Burton R. Exison, “Lithologic and Promi- 
nent Faunal Zones—Coalinga Nose’”’; GLENN C. FerGuson, “A Discussion of 
Sections to be Visited on Saturday’s Field Trip.” Refreshments were furn- 
ished under the auspices of the Union Oil Company. 


CHARLES E. BRADFORD, formerly of Great Bend, Kansas, is with The 
California Company, 906 Lancaster Building, Calgary, Alberta, Canada. 


Ray P. WALTERS has moved from The Hague, Netherlands, to Room 
2747, 30 Rockefeller Plaza, New York City. 


Norvat BALLarp has been moved from Oklahoma City, Oklahoma, to go 
East 14th Street, Holland, Michigan. 


The Shreveport Geological Society conducted its fourteenth annual field 
trip, June 2-4, visiting the Upper and Lower Cretaceous outcrop and the 
Cretaceous-Paleozoic contact in the area of South Arkansas between Tex- 
arkana and Hot Springs. Approximately 160 geologists in 6 large buses made 
up the field party. Each member was provided with a 216-page guidebook 
which formed a symposium on the “Upper and Lower Cretaceous of South- 
west Arkansas, Supplemented by Contributions to the Subsurface Strati- 
graphy of South Arkansas and North Louisiana.” The edition of 700 copies 
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was completely exhausted at the beginning of the trip. State geologist, 
GrorGE C. BRANNER, of Little Rock, was on the trip. Among those present 
from other states were HENRY A, Ley, president of the A.A.P.G., San 
Antonio, Texas, and L. W. STEPHENSON and W. H. Monrog, of the United 
States Geological Survey, Washington, D. C. At the introductory dinner at 
the Grim Hotel, Texarkana, on the night of June 1, the principal speakers 
were Henry A. Ley, L. W. STEPHENSON, W. S. Apkins, Roy T. Hazzarp, 
and C. L. Moopy. The committee arranging the trip included: W. B. WEEks, 
chairman, Phillips Petroleum Company, El Dorado, Arkansas; R. T. Haz- 
ZARD, vice-chairman, Gulf Refining Company, Shreveport, Louisiana; C. L. 
Moopy, The Ohio Oil Company; W. K. Linx, Standard Oil Company of 
Louisiana; H. H. Tracer, The Atlantic Refining Company; L. W. CALAHAN, 
The Texas Company; W. D. Frazett, Union Producing Company; and 
E. F. Miter, Oliphant Oil Company; all of Shreveport. The officers of the 
society are: president, C. C. CLARK, Union Producing Company; vice-presi- 
dent, L. S. Hartowe, Grogan Oil Company; and secretary-treasurer, E. F. 
MILER, Oliphant Oil Company; all of Shreveport. 

S. L. Mason, of the Stanolind Oil and Gas Company, and W. W. Patrick, 
of The Texas Company, presented a paper on “Datum Planvys of the Gulf 
Coast,” before the Houston Geological Society, June 8. 


Henry A. Levy, president of the Association, spoke before fhe Ardmore 
Geological Society, Ardmore, Oklahoma, June 6. 

Recently elected officers of the Tulsa Geological Society are: president, 
R. Crare Corrin, Stanolind Oil and Gas Company; ist vice-president, 
SHERWOOD BucxstarFr, Shell Oil Company, Inc.; 2d vice-president, LEE C. 
Lamar, Carter Oil Company; secretary-treasurer, Lours H. Luxert, The 
Texas Company; editor, A. N. Murray, Tulsa University; associate editor, 
Maurice R. Tris, Home-Stake Companies. Members of the council are 
Rosert H. Woop, SAMUEL W. RiTeErR, Russet S. Tarr, and Merritt H. 
Brown. 

J. Daviss CoLtett, Jr., consulting engineer, talked before the Houston 
Geological Society, June 15, on “Some Commercial Applications of Bottom- 
Hole Pressure.” 

Paut D. Torrey, of The Sloan and Zook Company, Houston, is the 
author of a series of articles on “Selective Exclusion of Fluids from Wells,” 
recently published in the Oil Weekly. 


E. C. Scort, recently stationed at Pointe-a-Pierre, Trinidad, for Trinidad 
Leaseholds, Ltd., may be addressed in care of the company at 1 London Wall 
Buildings, London, E. C. 2. 

C. W. ToMLInson, consultant of Ardmore, Oklahoma, discussed ‘“‘North 
Texas and South Oklahoma Geology” before the Dallas Petroleum Geologists 
in June. 

G. S. Hume, of the Geological Survey of Canada, was at Calgary, Alberta, 
in June, for a survey of the foothills region. 

J. B. Garrett, of the Stanolind Oil and Gas Company, Houston, spoke 
before the Houston Geological Society, June 22, on “Some Middle Tertiary 
Smaller Foraminifera from Subsurface Beds of Jefferson County.” 


Donatp C. Barton, President of the Association last year, died in 
Houston, Texas, July 8, at the age of 50 years. 


4 
j 
i 4 
F 
q 
q 


AT HOME AND ABROAD 1129 


TWENTY-FIFTH ANNUAL MEETING, CHICAGO, 
APRIL 10-i2, 1940 


The twenty-fifth annual meeting of The American Association of Petro- 
leum Geologists will be held at the Stevens Hotel, Chicago, Illinois, April 10, 
II, 12, 1940, at the invitation of, and sponsored by, the Illinois Geological 
Society. 

The central location of Chicago, in the region of the Great Lakes and the 
northern Mid-Continent fields, makes this outstanding convention city es- 
pecially attractive to petroleum geologists and their friends. Colleges and 
universities of the Great Lakes area and the East, that have contributed 
largely in building the membership of the Association, will find it convenient 
to send delegations to the Chicago meeting. 

Further announcements will be made about committees and events. 

The officers of the Illinois Geological Society are: president, Verner Jones, 
Magnolia Petroleum Company, Mattoon; vice-president, M. W. Fuller, Carter 
Oil Company, Mattoon; secretary-treasurer, Elmer W. Ellsworth, W. C. 
McBride, Incorporated, Centralia. 


The Stevens Hotel, Chicago, where the twenty-fifth annual meeting of the Associa- 
tion will be held on April 10, 11, and 12, 1940. 
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MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 
(Continued from page 1112) 


FOR ACTIVE MEMBERSHIP 


Louis Milton Crow, Shreveport, La. 

Walter K. Link, E. B. Hutson, Roy T. Hazzard 
Lawrence T. Hart, Caripito, Venezuela, S. A. 

G. Moses Knebel, Roger H. Sherman, J. L. Kalb 
Harold E. McNeil, Wichita, Kan. 

Melvern F. Bear, E. C. Moncrief, Edward A. Koester 
Vincent Miller, Bartlesville, Okla. 

William Henry Courtier, A. J. Hintze, D. E. Lounsbery 
Graydon Oliver, Los Angeles, Calif. 

C. Hall Montgomery, R. P. McLaughlin, H. W. Hoots 
Edwin S. Smith, Jr., Vernon, Tex. 

Robert Roth, James F. Gibbs, Donald Kelly 
Everett Rollin Stanley, Los Angeles, Calif. 

Harry P. Stolz, John F. Dodge, E. J. Bartosh 
Louis Vonderschmitt, Basle, Switzerland 

W. Bernoulli, Bela Hubbard, C. Wiedenmayer 
William Edwin Wallace, Jr., Shreveport, La. 

Henry V. Howe, Richard Joel Russell, James H. McGuirt 


FOR ASSOCIATE MEMBERSHIP 


Oscar Samuel Anderson, Jr., Oilton, Okla. 

Loren I. Buck, V. E. Monnett, Charles E. Decker 
Leon Prestridge Bristley, Jr., Liberty, Tex. 

Frank O. Mortlock, A. G. Nance, Walter J. Osterhoudt 
Gerson Herzl Brodie, Houston, Tex. 

F. Julius Fohs, W. A. Reiter, Eugene L. Earl 
Lewis Calvin Crider, Lubbock, Tex. 

Leroy T. Patton, Raymond Sidwell, W. I. Robinson 
Lawrence A. Goebel, Tulsa, Okla. 

George E. Wagoner, E. O. Markham, Don H. Peaker 
Paul E. McGovney, Bakersfield, Calif. 

Elmo W. Adams, U. S. Grant, E. K. Soper 
Joseph Ratway, Maracaibo, Venezuela, S.A. 

A. J. Freie, M. B. Arick, Frank J. Pospisil 
Richard Walter Shoemaker, Bakersfield, Calif. 

Thomas K. Bowles, Drexler Dana, L. W. Suanders 
Nathan Courtney Surber, Soengei Gerong, Sumatra, N. E. I. 

C. E. Needham, Dave P. Carlton, Glenn E. Bader 
M. Hall Taylor, Lyons, Kan. 

G. Marshall Kay, H. N. Coryell, Raymond C. Moore 
Dwight Edward Ward, Tulsa, Okla. : 

Warren O. Thompson, George E. Wagoner, Don H. Peaker 
Truman Pendleton Woodward, Baton Route, La. 

Chalmer J. Roy, Henry V. Howe, James H. McGuirt 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


John Cladwell McCampbell, Chapel Hill, N. C. 
H. W. Straley, III, J. W. Huddle, L. D. Burling 
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PROFESSIONAL DIRECTORY 


for Professional Cards Is Reserved for 
embers of the Association. For Rates Apply to 


A.A.P.G. Headquarters, Box 979, Tulsa, 


CALIFORNIA 


WILLARD J. CLASSEN 
Consulting Geologist 
Petroleum Engineer 
1093 Mills Building 
SAN FRANCISCO, CALIFORNIA 


RICHARD R. CRANDALL 


Consulting Geologist 
404 Haas Building 
Los ANGELES, CALIFORNIA 


J. E. EATON 
Consulting Geologist 


2062 N. Sycamore Avenue 
LOS ANGELES, CALIFORNIA 


PAUL P. GOUDKOFF 
Geologist 


Geo Correlati Foraminifera 


799 Subway Terminal Building 
Los ANGELES, CALIFORNIA 


VERNON L. KING 
Petroleum Geologist and Engineer 


401 Hass Building 


CHAS. GILL MORGAN 


United Geophysical Company 
Pasadena 


Los ANGELES, CALIFORNIA 
R. L. TRIPLETT 
Petroleum Geologist Contract Core Drilling 
925 Crocker Building West View 


R. W. SHERMAN 
Consulting Geologist 
Security Title Insurance Building 


530 West Sixth St. 
Los ANGELES 
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COLORADO 


CUBA 


HEILAND RESEARCH CORPORATION 
Registered Geophysical Engineers 


R. H. PALMER 
Petroleum Geologist 


Examinations and Reports on 
Cuban Oil Lands 


Neptuno 1060 Hasana, Cusa 


KANSAS 


MARVIN LEE 
Consulting Petroleum Geologist 
1109 Bitting Buildi 
Wicnita, Kansas 
Office: 3-8941 Residence: 4-4873 
GEOLOGY AND PRODUCTION PROBLEMS OF 
OIL AND GAS IN THE UNITED STATES 
Formerly Technical Adviser to State 
Commission. Official mail should be to 
the Commission. 


LOUISIANA 


WILLIAM M. BARRET, INC. 
Consulting Geopbysicists 
Specializing in Magnetic Surveys 


Giddens-Lane Building Sureverort, La. 


MICHIGAN 


NEW MEXICO 


WILLIAM F. BROWN 
Consulting Geologist 


Box 302 Mount Peasant, Micu. 


RONALD K. DsFORD 
Geologist 


ROSWELL MIDLAND 
New Mexico TEXAS 


YORK 


FREDERICK G. CLAPP 


BROKAW, DIXON & McKEE 


Geologists Engineers 
Consulting Geologist OIL—NATURAL GAS 
50 Church Street Reserves 
NEW YORK 120 Broadway 
OHIO 
A. H. GARNER 
PETROLEUM Geologist 
NATURAL GAS Specializing in extension of “‘shoestring™ pools 
120 Broadway New York, N.Y. 7 ve 


Cincinnati, Ohio 


— Instruments — 
— Surveys — Interpretations — 
c. A. Club Bide. 
Denver, COLo, 
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OKLAHOMA 


GINTER LABORATORY 


BECK CORE ANALYSES 
Geologist Permeability 
1222-A Republic Natl. ee 
. ic 
717 Bank Bldg R. L. GINTER 
Owner 118 West Cameron, Tulsa 
R. W. Laughlin 


MALVIN G. HOFFMAN 
Geologist 


Midco Oil Corporation 
Midco Building 


TULSA, OKLAHOMA 


WELL ELEVATIONS 


LAUGHLIN-SIMMONS & CO. 
615 Oklahoma Building 
TuLsa OKLAHOMA 


A. I. LEVORSEN 
Petroleum Geologist 


221 Woodward Boulevard 


TULsA 3 
G. H. WESTBY 
Geologist and Geophysicist 
Seismograph Service Corporation 
Kennedy Building Tulsa, Oklahoma 
PENNSYLVANIA 


HUNTLEY & HUNTLEY 


Petroleum Geologists 
and Engineers 


J. R. Wrum, Jr. 
Grant Building, Pittsburgh, Pa. 


TEXAS 


JOSEPH L. ADLER 
Geologist and Geophysicist 


Consultant and Contractor in Geological and 
Geophysical Exploration 


325 Esperson Bldg. 
HOUSTON, TEXAS 


MID-CONTINENT TORSION BALANCE SURVEYS 
SBISMIC AND GRAVITY INTERPRETATIONS 


KLAUS EXPLORATION COMPANY 
H. KLAUS 
Geologist and Geophysicist 


115 South Jackson 
Enid, Oklahoma 


2223 15th Street 
Lubbock, Texas 
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DONALD C. BARTON 
Geologist and Geophysicist 
Humble Oil and Refining 


D’ARCY M. CASHIN 
Geologist Engineer 


Specialist, Gulf Coast Salt Domes 
Examina tions, Reports, 


Company Estimates of Reserves 
705 Nat'l. Standard Bldg. 
HOUSTON TEXAS HOUSTON, TEXAS 
E. DsGOLYER 
Geologist ALEXANDER DEUSSEN 
Esperson Building Consulting Geologist 
Houston, heqgnep Specialist, Gulf Coast Salt Domes 
1006 Shell Building 


HOUSTON, TEXAS 


DAVID DONOGHUE 
Consulting Geologist 
Appraisals - Evidence - Statistics 


Forth Worth National FORT WORTH, 
Bank Building TEXAS 


F. B. Poster R. H. Fash 
President Vice- President 
THE FORT WORTH 
LABORATORIES 


Analyses of Brines, Gas, Minerals, Oil, Inter- 
pretation of Water Pom Ron Field Gas Testing. 
82842 Monroe Street FORT WORTH, TEXAS 
Long Distance 138 


Peoples Nat’l. Bank Bldg. TYLER, TEXAS 


JOHN S. IVY 
Geologist 


921 Rusk Building, HOUSTON, TEXAS 


W. P. JENNY GEO. C. McGHEE 
Geologist and Geophysicist Geologist and Geophysicist 
NATIONAL GEOPHYSICAL COMPANY 
att i Petroleum Building 
907 Sterling Bldg. HOUSTON, TEXAS 
E. E. Rosairg 
DABNEY E. PETTY 
BY 
SAN ANTONIO, TEXAS Geophysics and Geochemistry 
No Commercial Work Undertaken Esperson Building Houston, Texas 
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A. T. SCHWENNESEN 
Geologist 


1517 Shell Building 
HOUSTON TEXAS 


ROBERT H. DURWARD 
Geologist 
Specializing in use of the magnetometer 
and its interpretations 
1431 W. Rosewood Ave. San Antonio, Texas 


W. G. Savitte J. P. A. C. PAGAN 


TORSION BALANCE 
EXPLORATION CO. 


Torsion Balance Surveys 


1404-10 Shell Bldg. Phone: Capitol 1341 
HOUSTON TEXAS 


HAROLD VANCE 
Petroleum Engineer 
Petroleum Engineering Department 
A. & M. College of Texas 
COLLEGE STATION, TEXAS 


CUMMINS & BERGER 
Consultants 
Specializing in Valuations 
Texas & New Mexico 


1601-3 Trinity Bldg. Ralph H. Cummins 
Fort Worth, Texas Walter R. Berger 


WM. C. McGLOTHLIN 
Petroleum Geologist and Engineer 


Examinations, Reports, Appraisals 
Estimates of Reserves 


Geophysical Explorations 


806 State Nat'l. Bank Bldg., CORSICANA, TEXAS | 


JOHN D. MARR 
Geologist and Geophysicist 
SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 


F. F. REYNOLDS 
Geophysicist 
SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 


FraNk C. ROPER Joun D. Topp 


ROPER & TODD 
Specializing Sparta 
Wilcox Trend Problems 


527 Esperson Bldg. Houston, Texas 


WEST VIRGINIA 


WYOMING 


DAVID B. REGER 
Consulting Geologist 


217 High Street 
MORGANTOWN WEST VIRGINIA 


E. W. KRAMPERT 
Geologist 


P.O. Box 1106 
CASPER, WYOMING 
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DIRECTORY OF 
GEOLOGICAL AND GEOPHYSICAL 
SOCIETIES 


For Space Apply to A.A.P.G. Headquarters 
Box 979, Tulsa, Oklahoma 
COLORADO ILLINOIS 
ROCKY MOUNTAIN 
ILLINOIS 
DENVER, COLORADO President - Verner Jones 
President - - Warren O. Thompson Magnolia elon Campane, Mattoon 
98: Street, Boulder 
1st David B. Miller Vice-President - - Melville W. Fuller 
2nd Vice-Presidest.- Harold N. Hickey Caster Oil Company, Mattoon 
4 U. S. Customs i W. C. McBride, Inc., Centralia 


month, 6:15 P.mM., Auditorium 


Meetings will be announced. 


KANSAS LOUISIANA 
KANSAS THE SHREVEPORT 
CEGIICHITA, KANS GEOLOGICAL SOCIETY 
President Geo. as Norton SHREVEPORT, LOUISIANA 
antic Refining 
Vice-President’ - Gast H. Allan President. «© « EC, Clack 
Consulting a Union Producing Company 

Manager of Well Log - Harvel E. White Grogan Oil Company 
Regul. Ps Hotel, veasurer Miller 
Tuesday of - cordially Bay Oil Corporation, 911. Commercial Bank 


sponsors the Kansas Well Bureau 


Meets the first Frid f 
Civil Courts Room, Caddo Court Hous 


MICHI 


GAN 


MICHIGAN 
GEOLOGICAL SOCIETY 


President - - 


Carl C. Addison 


The Pure Oil “Company, Saginaw 


Vice 


Jed Maebius 


Oil ‘Corporation, Saginaw 


Secre 
ichigan Geological 


- _ R. P. Grant 
Survey, Lansing 


Busi Meee Helen Marti 
Mi igan Geological Survey 


sing. fofor 


SOUTH LOUISIANA GEOLOGICAL 
SOCIETY 


LAKE CHARLES, LOUISIANA 


President - - «+ Dean F. Metts 
Humble Oil & Refining Co., Crowley, La. 
Vice-President - - H. E, lasson 


Stanolind Oil and Gas 
ecr Grigsby 
seanoliad ¢ Oil and Gas 


Treasurer Hoskins 
” Shell Oil Company, Inc. 
Luncheon ist Wednesday at 
(12: ied business third Tuesday .. each 
month at 7.00 P.M. at the Majestic Hotel. Visiting 
geologists are welcome. 
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OKLAHOMA 


ARDMORE 


GEOLOGICAL SOCIETY 
ARDMORE, OKLAHOMA 


Vice-President 


Sinclair Prairie Oi Company 


Don L. Hyatt 
y 


Secretary-Treasurer _- W. Morris Guthrey 
‘exas 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 


Albert S. Clinkscales 
Geologist, Colcord ene 


Hancock 


Vice-President - 
Consulting 


Secretary-Treasurer - 
Magnolia Petroleum 


The Ti Company 
M Ninth Floor, Commerce Exch —— 
First Tuesday of each ‘rom Octo- ing: Technica 
ber to May inclusive, 7:30 P.M., Hills 8:00 P. “Monday 
12:15 P.M. 
SHAWNEE THE STRATIGRAPHIC 
GEOLOGICAL SOCIETY SOCIETY OF TULSA 
SHAWNEE, OKLAHOMA TULSA, OKLAHOMA 
President Roy P, Lehman 
Vice-President - + - Lawrence Muir Vice-President « « « A. Johnston 
Secretary-Treasurer- - - TomL. Girdler, rr. Secre - + Constance Leatherock 
Sinclaie Prairie Oil Company Tide Water Associated Oil Company 
Meets the fourth Monda' each month at 8:00 M Second and fourth Wednesdays, each 
P.M., at the Aldridge Moet: Visiting geologists month, toons October to May, inclusive, by 8:00 
welcome. P.M. 
TULSA 
GEOLOGICAL 
OKLAHOMA 
President - R. Clare Coffin 
Stanolind Oil and Gas Company 
1st Vice- Sherwood Buckstaff 
Shell Oil Company, Tec. 
2nd Vice-President -  - C. Lamar 
Carter Oil Compan 
Secretary-Treasurer - H. Lukert 
The Texas Company 
Editor - - . N. Murray 
University of Tulsa * 
Associate Editor - - - ate aurice R. Teis 
postings: Pix First d M ch month, 
University of rell_ Hall Auditorium: 
Luncheons: Every Th Pandas, Michaelis Cafeteria, 
507 South Boulder A’ 
TEXAS 


DALLAS 
PETROLEUM GEOLOGISTS 


President - + 
Vice-President - - 
Magno 


Ww. W. 


lia Petroleum Company 
-_ + Henry J. Morgan, Jr. 
Company 


Secretary-Treasurer 
Atlantic 


Clawson 


+ + Eugene McDermott 
cheons, first Monday of each 


Petroleum Club. Special 


night 


EAST TEXAS GEOLOGICAL 
SOCIETY 


TYLER, TEXAS 


A. C. Wright 
‘Shell Oil Company, Inc. 


Vice-President _- + + Rice 
Pure Oil Company 


Secretary-Treasurer 
Stanolind Oil and Gas inh 


Meetings: _——; and by call. 
Luncheons: Every Friday, Blue Room, Blackstone 


President 


J. Schempt 


} 
xv 
President - + + + Dan O. Howard 
President - + = Oklahoma Corporation Commission 
Carter Oil Compan 
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TEXAS 


FORT WORTH 
GEOLOGICAL SOCIETY 


FORT WORTH, TEXAS 


President - - J. 
Consulting Geologist, Trinity Life a 


H. Markley 
Compiny 
Secretary-T: i 
ecretary-Treasurer - ou 


ings: Luncheon at an Worth Hote 
mittee. Visiting geologists are welcome to all 
meetings. 


Vice-President - - 
The Ti 


HOUSTON 
GEOLOGICAL SOCIETY 
HOUSTON, TEXAS 


held every at noon (12 


o'c Kelly’ s Restaurant, 910 Texas Ave- 
nue. For an pertaining he meetings 
write of secretary. 


NORTH TEXAS 
GEOLOGICAL SOCIETY 
WICHITA FALLS, TEXAS 


President ‘om F, Petty 
Humble ‘oil ‘x Refining 
Vico President. - Paul E. M. Purcell 
1 Hamilton 


Secretary- 
Consulting 
814 Buil 


Luncheons and evening programs will be an- 
nounced. 


A. Daniel 


SOUTH TEXAS GEOLOGICAL 
SOCIETY 


SAN ANTONIO Goarus CHRISTI 


President - + Willis Storm 
1733 Milam “Building, San Antonio 
Vice-President - - + Dale L. Benson 
Sinclair Prairie Oil Company, Corpus Christi 
Secretary-Treasurer - - Ira A. Brinkerhotf 
Stanolind Oil and Gas Company, San Antonio 
Execution Committee - E, L. Porch 
Meeti Pridey of each at 8 P.M. 
at the Luncheons every Monda 
noon at National Build- 
oe Antonio, and at Plaza Hotel, Corpus 
risti. 


SOUTHWESTERN GEOLOGICAL 
SOCIETY 


President - - + Duncan McConnell 
Univ. Texas, Dept. of Geology 


Vice-President - «+ « 
Bureau of Economic Geology 


Secre Treasurer - - W.C. Ikins 
. Texas, Dept. ‘of “Geology 


third Friday at 8:00 p.m. at the 
Mestings: Every tp Texas, Geslogy Building 


Leo Hendricks 


WEST TEXAS GEOLOGICAL 
SOCIETY 


MIDLAND, TEXAS 
President - - Berte R. Haigh 


W. C. Fritz 


University ‘Lands 
Vice-President «+ = 
Skelly Oil Company 

Secretary-Treasurer - J. E. Simmons 
Continental Oil “Compatiy 


Meetings will be announced 


WEST VIRGINIA 


THE APPALACHIAN GEOLOGICAL 
SOCIETY 


CHARLESTON, WEST VIRGINIA 
P.O. Box 1435 
- «+ Robert C. Lafferty 
Owens, Libbey-Owens Gas Department 
Vice-President - « « « « R. Lockett 
Ohio Fuel Gas Citas 
Columbus, Ohio 
Goditey L. Cabot, lac. Bor 
: Second Monday, each month, 1 
P.M., Ranawha Hotel.” 


THE SOCIETY OF 
EXPLORATION 
President - . A. Eckhardt 
Gulf Research and Development 

Pittsburgh, Pennsylvania 
Vice-President - - - - + + W. T. Born 


Research 
Tulsa, Oklahoma 
Editor - R. D. Wyckoff 
Gulf Research and Development Company 
Houston, Texas 
Treasurer . H. Crowell 
Independent Exploration Company, fouston, Texas 
Past-President - - F. M. Kannenstine 
Kannenstine Laboratories, Houston, Texas 
Business Manager J. F. Gallie 
P.O. Box 777, “Austin, Texas 


xvi 
President - - + + David Perry Olcott 
=: : Humble Oil and Refining Company 
Vice-President- + - R.A. Weingartner 
“4 Stanolind Oil and Gas Company 
RY -Treasurer- - Carleton D. 
Speed Oil Company Speed, J 
tA 
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TRIANGLE BLUE PRINT & SUPPLY COMPANY 


Representing 
W.RLE ite Complete Reproduction Plant 
Spencer Lens American Paulin Instruments Repaired 


12 West Fourth Street, Tulsa, Oklahoma 


STRUCTURAL EVOLUTION OF SOUTHERN CALIFORNIA 
By R. D. Reep ann J. S. 


is available in the standard binding of the Association: blue cloth, gold stamped, 6 x 9 inches, with 
colored map in pocket. Postpaid, .00. Extra copies of the tectonic map, 27 x 31 inches, on strong 
ledger paper in roll: postaid, $0.50. 


The American Association of Petroleum Geologists, Box 979, Tulsa, Oklahoma 


REVUE DE GEOLOGIE 
et des Sciences connexes 


REVIEW OF GEOLOGY 
‘and Connected Sciences 


RASSEGNA DI GEOLOGIA RUNDSCHAU FUR GEOLOGIE 
e delle Scienze affini und verwandte Wissenschaften 
Abstract puree published monthly with the colperation of the FONDATION UNIVERSITAIRE DE 
BELGIQUE and under the auspices of the SOCIETE GEOLOGIQUE DE BELGIQUE with the collabora- 
tion of several scientific institutions, geological surveys, and correspondents in all countries of the world. 
GENERAL OFFICE, Revue de Géologie, Institut de Géologie, Université de Liége, Belgium. 
TREASURER, Revue de Géologic, 35, Rue de Armuriers, Liége, Belgium. 


Subscription, Vol. XIX (1939), 35 belgas Sample Copy Sent on Request 


THE 
JOURNAL OF For 
GEOLOGY SEISMOGRAPH RECORDS 


a semi-quarterly 
Edited by 


ROLLIN T. CHAMBERLIN EASTMAN RECORDING 


Since 1893 a constant record of 
the advance of geological science. PAPERS 
Articles deal with problems of 
systematic, theoretical, and funda- 
mental geology. Each article is re- 
plete with diagrams, figures, and 


PREPARED DEVELOPER 


other illustrations necessary to a AND FIXING POWDERS 
full scientific understanding. 
$6.00 a year 
$1.00 a single copy Supplied by 
Canadian postage, 25 cents 


EASTMAN KODAK STORES, INC. 


1010 Walnut Street 1504 Young Street 
Kansas City, Mo. Dallas, Texas 


Foreign postage, 65 cents 


THE UNIVERSITY OF CHICAGO PRESS 
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Telescope Eyepiece | 


Button for Rotating 


Refractive Index : the Amici Prisms 
Scale 


Dispersion Scale 
‘Thumb Piece 


for Coarse Adjustment 


Release for i § Connections for | 
Coarse Adjustment Temperature 

Inclination Joint | 


Take-Up Spring 


Fine Adjustment - 


The Spencer Refractometer 


The many advantages of design and study of the actual instrument and we 
construction of the Spencer Abbe’ type gladly will arrange a demonstration 
Refractometer, including the new fine _ through any of our sales offices. Write 
adjustment, are well worth a careful Dept. U 29. 


Spencer Lens Company 


MICROTOMES 
PHOTOMICROGRAPHIC 
EQUIPMENT 


Sales Offices: New York, Chicago, San Francisco, Washington, Boston, Los Angeles, Dallas, Columbus, St. Louis, Philadelphia, 


ei 
a 
Ree 
3 
Window for liluminating | 
4 | 
MICROSCOPES REFRACTOMETERS 4 
COLORIMETERS 
SPECTROMETERS 
PROJECTORS 
j 4 
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PRACTICAL PETROLEUM 
ENGINEERS’ HANDBOOK 


BY JOSEPH ZABA, E.M.M.Sc. 
Petroleum Engineer, Rio Bravo Oil Company 


and 


W. T. DOHERTY 
Division Superintendent, Humble Oil & Refining Company 


For a number of years there has been a growing demand for a handbook containing formulae 
and other practical information for the benefit of the man working in the production and drilling 
branches of the oil industry. So great has been this need that many engineers have tried to ac- 
cumulate their own handbooks by clipping tables, formulae and figures from scores of sources. 


The co-authors of this volume discovered by coincidence that each had been for a period 
of several years accumulating practical data which through their collaboration appears in this 
book. Both of them are men who have not only received theoretical training but who have had 
many years of practical experience as engineers in dealing with every day oil field drilling and 
production problems. 


As a result of this collaboration of effort the publishers of this volume feel that it is a most 
valuable contribution to oil trade literature. 


Its purposes are distinctly practical. The tables, formulae, and figures shown are practical 
rather than theoretical in nature. It should save the time of many a busy operator, eng 
superintendent, and foreman. 


TABLE OF CONTENTS 


Chapter |—General Engineering Data Chapter V—Drilling 
Chapter !|—Steam Chapter VI—Production 
Chapter Transmission Chapter Vil—Transportation 
Chapter 1V-—Tubular Goods 


Semi-Flexible Fabrikoid Binding, Size 6 x 9, 408 pages—Price $5.00 Postpaid 
Send check to 


THE GULF PUBLISHING COMPANY 
P. O. Drawer 2811 Houston, Texas 
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SPARTA-WILCOX TREND..... 


The results of recent surveys demon- 
strate that our Magnetometric Method” 
offers a reliable, rapid and inexpensive 
means of locating favorable structures 


in the “Sparta-Wilcox trend.” 


lt is worth your while to consider our 
service if you are interested in this im- 


portant area. 


WILLIAM M. BARRET, INC. 
Consulting Geophysicists 
GIDDENS-LANE BUILDING 
SHREVEPORT, LOUISIANA 


*An illustrated booklet describing this 
method will be mailed on request 
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WE BANK ON OIL 
1895 — 1939 


THE 


FIRST NATIONAL BANK AND TRUST COMPANY 
OF TULSA 


THE GEOTECHNICAL CORPORATION 
Roland F. Beers 
President 


1702 Tower Petroleum Building 


Telephone LD 711 Dallas, Texas 


Lane-Wells Gun Perforates The Toughest Jobs 
with SPEED and ACCURACY 


SAFETY, MAXIMUM PENETRATION AND 
CORRECT MEASUREMENTS 


—YOUR GUARANTEE OF BETTER SERVICE 


SAFETY—yYour investment in your well is protected by a five- 
point safety control system. Powder charges, regulated to give 
maximum penetration without damaging casing, are fired 
selectively. 


ACCURACY—On a preformed steel line with perfected meas- 
uring devices check well depths ACCURATELY and make it 


7-243 cemented in 


Lane-Wells Services and Products 
Include: Gun Perforators * Electro- 
log * Oil Well Surveys * Direction 
Control of Drilling Wells * Packers * 
Liner Hangers * Bridging Plugs * Sin- 
gle Shot Survey Instruments * Knuckle 
Joints * Whipstocks and Mills * 


and 
ceme! per- 
forated of 
casings. 5/2” 17% ce- 
m 16” 


LAN 


5610 S. Soto St. 


Los Angeles, Calif. 


possible to place shots from pre-tested chambers JUST WHERE 
YOU WANT THEM. 


PENETRATION—Correctly designed alloy steel bullets under 
tests penetrate easily far more solid steel and cement than is 
encountered in a well. Balanced powder charges give maxi- 
mum penetration. More than 2,000 oil pany operators can 
tell you—"Call Lane-Wells, they get results." 


EXPORT OFFICES 
420 Lexington Ave. 
New York City, N.Y. 


| 
| 
| 
\ 
= 
t 
2 
cemented In 55%. The bullet from 
casing. Twen- the 4-7/16" 0.D. 
ty olght holes per fest. gun penetrated easily 
$e 0 SPLITS AND NO and buried Itself deep 
ae FRACTURES. in the test pit. 
7 : E 
an 


REFLECTION SEISMOGRAPH SURVEYS 


+x By utilizing the sound scientific principles i. 

gained through years of research and study . 

| in field and laboratory, and by applying the i a 


successful methods of modern geophysical 
practice, Western Geophysical Company is 
fully equipped to meet the needs of operators 
requiring the best available Reflection Seis- 
mograph Surveys. + Western Geophysical 
Company maintains a large number of trained 
and experienced crews for geophysical 
work either in the United States or 


in overseas fields. 


GEOPHYSICAL 


‘isa, 
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PHOTOGRAPH MINERALS 
IN NATURAL COLOR 


The interference colors of birefringent minerals, as 
revealed under the polarising microscope, can be 
recorded in photomicrographs on Kodachrome 
film with the MICRO-IBSO attachment and 
LEICA camera. As a valuable aid in teaching 
mineralogy, the projection of these pictures pro- 
duces a much brighter image than is obtained by 
direct projection from the polarising microscope. 


Write for Catalog No. 9-JY and "Identification 
of Sulphide Minerals by Selective Iridescent Film- 
ing" by Prof. A. M. Gaudin. 


Makers of the famous LEICA Cameras Western Agents: Spindler and Sauppe, Inc., Los Angeles - San Francisco 


BAROID Extra-Heavy Weighting 
Material. 

AQUAGEL Gel-Forming Colloidal 
Drilling Clay. 

BAROCO An Economical, Salt-Water. 
Resisting Drilling Clay. 

STABILITE Chemical for Reducing 
Viscosity, Freeing Gas and En- 
hancing Wall-Building Property 
of Mud. 

FIBROTEX a4 Fibrous Material for 
Regaining or Preventing the Loss 
of Circulation. 

Stocks carried and service engineers available in all active 


AQUAGEL-CEMENT Moterial for 


Recovering Lost Circulation and 
Cementing Casing. 


ZEOGEL Special Clay to be Used as 
a Suspending Agent When Sait 
or Salt Water is Encountered. 


x * * * * 


TESTING EQUIPMENT Appo- 
ratus for Making Complete Field 
and Laboratory Examinations of 
the Properties of Drilling Mud. 


ing Mud” in your for our NATIONAL PIGMENTS & CHEMICAL DIVISION 


a NATIONAL LEAD COMPANY 
BAROID SALES OFFICES—LOS ANGELES - TULSA - HOUSTON 


and distrib 
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FOR GEOPHYSICAL EXPLORATION 


CONTINUOUS PROFILING 


AN ACCURATE AND ECONOMICAL 
METHOD OF STRUCTURAL MAPPING 


Over 40 wells drilled in 1938 in the Permian Salt Basin of New Mexico and West 
Texas continue to show the reliability of this method. Similar results are being 
obtained in areas covered with deep glacial or alluvial deposits. 


Sole licensees under JAKOSKY Patents, U. S. Nos. 2138818, 2137650, 2105247, 2015401, 1906271 . . . Canadian 
Patent No. 374475. Other U. S. and Foreign Patents pending covering apparatus and method 


FOR PRODUCTION PROBLEMS 


NOW AN OFFICIAL MEANS OF PRORATING WELLS 
IN A LARGE MAJORITY OF KANSAS POOLS 


After a year of severe tests in comparison with pressure 
bomb and physical draw-down methods, the operators 
of Kansas have made ECHO-METER one of the official 


means of prorating wells. 


ECHO-METER is accurate and reliable. Measurements 
are quickly made and the permanent ink record is avail- 
able immediately. 


A LOW COST SERVICE 


Experienced operator, and truck containing full equipment for 
handling wells under any pressure: Daily Rate—$37.50. Mileage 
at 6¢ per mile is additional. 


P.O. Box 392 P.O. Box 188 P.O. Box 1499 
Great Bend, Kansas Lovington, New Mexico Kilgore, Texas 


ONAL INC. 


1063 Gayley Avenue —_Los Angeles, Calif 


NO SHUTTING DOWN 
THE PUMP 


NO PULLING RODS 
OR TUBING - 


NO STOPPING OF 
PRODUCTION 


i 
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SY, ubterrex 


ANNOUNCES AN IMPORTANT DEVELOPMENT 
In the Field of 
GEOCHEMICAL PROSPECTING 


S A result of a major improvement in analytical technique, the SUBTERREX 
A GEOCHEMICAL LABORATORY is now equipped to make a complete 
analysis (for Methane, Hydrogen, Ethane-Propane-Butane Content, and 
"Pseudo" Hexane) at the same cost previously involved in the analysis for a single 
constituent, the Ethane content. 
This development is being passed on to our clients with no increase over the 
price formerly charged for an “Ethane only" analysis, $7.50 per sample location. 


NEW PRICE LIST 


TYPE TYPE ANALYTICAL RESULTING DATA 
ANALYSIS SAMPLE COST 


“_ "Z" (Subsoil) $ 7.50 Methane, Hydrogen, Ethane, 
Propane - Butane & "Pseudo" 
Hexane 


"Z" (Subsoil) 3.75 Inorganic Salts 
"X" & "Y" (Topsoil) 3.75 Soil Wax 


“G" Gas Seep 7.50 Methane, Ethane, Propane, Hy- 
drogen. 


— Core Sample 12.50 Methane, Hydrogen, Ethane, 
Propane, Butane, and Heavier 
Hydrocarbons. Inorganic Salts. 


“w" Water Well Sample 10.00 "A" & "B" (see above) 
"AB" 10.00 & "B" (see above) 
“ATS" — ee 10.00 "A" & "TS" (see above) 
"ABTS" 12.50 "A," "TS" (see above) 


The ‘Handbook of Geochemical Prospecting,” by E. E. Rosaire, 
will be available for distribution in the near future, for which a 
—— ae now being prepared. May we include your name 
on i 


Su | By ELTRAN AND SOILANE 


321 Esperson Building 
HOUSTON, TEXAS 
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ELECTRICAL WELL LOGGING 


PRECISION GUN PERFORATING 
4 
by Societe de Prospection Electrique, 30 Rue Fabert, Paris, France. 4 
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BULLETIN PRICE LIST 


THE AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 
Box 979, Tulsa, Oklahoma 


The Bulletin of The American Association of Petroleum Geologists, the official monthly publication 
of the largest organized body of geologists in the world, occupies a pre-eminent position as an authority 
in the field of petroleum geology. It contains illustrated articles, notes, discussions, and reviews. Annual 
subscription, $15.00 (outside United States, $15.40). The contents of Vols. I-XX (1917-1936) are in- 
dexed in detail] in the Comprehensive Index of all A.A.P.G. publications (1917-1936). 


* Exhausted. Only with purchase of full set. ( ) Prices to paid-up members and associates. 


BULLETINS (1917-1936). SEE COMPREHENSIVE INDEX FOR CONTENTS 
*1917 VOL. I.—159 pp. 
1918 VOL. II.—176 pp. 6 x 9 in. Paper 
1919 VOL. ITI.—445 pp. 6 x 9 in. Paper 


1920 VOL. IV.—338 pp. 6.125 x 9.25 in. 3 Nos. Paper. Each 
*NOS. 1-2. tNO. 3 


1921 VOL. V.—724 pp. 6.75 x 10.25 in. 6 Nos. Paper. Each (except NO. 2, $3.50) 
WHOLE VOLUME. Cloth 

1 
1922 Dae pp. 6.75 x 10.5 in. 6 Nos. Paper. Each 


1923 VOL. VII.—730 pp., with index to Vols., I-VI. 6.75 x 9.5 in. 6 Nos. Paper. Each 
1924 — pp. 6.75 x 9.5 in. 6 Nos. Paper. Each 


1925 VOL. IX.—1,319 pp. 6.75 x 9.5 in. 9 Nos. Paper. Each (except NOS. 1-3, $3.00) ($1.00) 
1926 VOL. X.—1,339 pp. 12 Nos. Paper. Each (except NOS. 3, 11, 12, $2.00) ($1.00) 


1927 VOL. XI.—1,376 pp. 12 Nos. Paper. Each 

WHOLE VOLUME. Bound in two parts. Cloth 
*NOS. 1 and 3. {NOS. 2, 4, 5, 7, 12 

1928 VOL. XII.—1,204 pp. 12 Nos. Paper. Each 

WHOLE VOLUME. Bound in two parts. 
{NOS. 1-6 


8e8e 88 


1929 VOL. XIII.—1,612 pp. 12 Nos. Paper. Each 
WHOLE VOLUME. Bound in two parts. Cloth 


1930 VOL. XIV.—1,610 pp. 12 Nos. Paper. Each 
WHOLE VOLUME. Bound in two parts. Cloth 


1931 VOL. XV.—1,476 pp. 12 Nos. Paper. Each 
WHOLE VOLUME. Bound in two parts. Cloth 


1932 VOL. XVI.—1,378 pp. 12 Nos. Paper. Each 

WHOLE VOLUME. Bound in two parts. Cloth 

1933 VOL. XVII.—1,567 Pp- 12 Nos. Paper. Each 
*NO. 5. ¢{NOS. 4, 6- 

1934 VOL. XVIII.—1,737 pp. 12 Nos. Paper. Each 


WHOLE VOLUME. Bound in two parts. Cloth 
tNOS. 1-3, 6,7 


= 


Ss 


2.00 
— 
1.50 
($1.00) 1.50 
of ($5.00) 17.00 
($1.00) 
| 
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1935 VOL. XIX.—1,868 pp. 12 Nos. Paper. Each 
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{WHOLE VOLUME. Bound in two parts. Cloth... ($4.00) 
tNOS. 2 and 3 
1936 VOL. XX.—1721 PP. ($1.00) 
{NOS. 1, 2, 3, 4, 9, 12 


BULLETINS (1937-1939) SINCE PUBLICATION OF COMPREHENSIVE INDEX 


1937 VOL. XXL—1,641 pp. 12 Nos. Paper. Each...............cccccceccecceees ($1.00) 
{WHOLE VOLUME: Bound in two parts. Cloth..............ccccececseececereees ($4.00) 


¢NO. 1—148 pp. ARKANSAS: Sandstone porosities in Paleozoic. BRAZIL: Jurué 
River. KANSAS: Bartlesville and Burbank shoestring sands. MISSISSIPPI: Jackson 
Eocene micropaleontology. OKLAHOMA: Atoka Co.; Bartlesville and Burbank shoe- 
strings. PERU: Ucayali River. TEXAS: Sulphur Bluff field. 


tNO. 2—144 pp. CALIFORNIA: Tejon oaatnahe. GENERAL: Economics; pore 
studies; time of petroleum formation; migration along faults. KANSAS and OKLA- 
HOMA: Bartlesville and Burbank sands. VENEZUELA: Anzoategui. 


tNO. 3—128 pp. AFRICA: Italian East. BRAZIL: Alagéas. GENERAL: Dip problems. 
MICHIGAN: Insoluble residues, Detroit River formation. NEW YORK and PENN- 
SYLVANIA: Hamilton group, subsurface. VIRGINIA: Gravity. 


{NO. 4—128 pp. KANSAS: Cunningham field. TEXAS: Custer formation; Spindletop 
field, Starr A | Hidalgo Cos.; Rock Crossing, Wilbarger Co. : 


tNO. 5—148 pp. CALIFORNIA: Southern structural type; magnetic iron sulphide, 
Ventura Basin. GENERAL: Magnetic polarity of cores; acidizing; salt domes, meteor- 
craters, cryptovolcanic structures. OKLAHOMA: South Burbank pool, Osage Co. 


tNO. 6—136 pp. GENERAL: Discovery rates; future of exploration; temperature meas- 
urements; Prairie Bluff chalk and Owl Creek formation of eastern Gulf region. ILL- 
INOIS: Illinois Basin. WYOMING: Sundance formation and related Jurassic. 


tNO. 7—144 pp. GENERAL: Upper Cretaceous, Rocky Mountains; Gulf Coast crude; 
staining cuttings; connate water and oil. KANSAS: Cretaceous. NEW MEXICO: 
Permian of Pecos Valley. TEXAS: Pecos Valley; La Blanca, Hidalgo Co. 


{NO. 8—124 pp. DEVELOPMENTS: ARKANSAS, CALIFORNIA. GULF COAST 
KANSAS, LOUISIANA, NEBRASKA, NEW MEXICO, OKLAHOMA, ROCKY 
MOUNTAINS, RUSSIA, TEXAS. Wildcats. Proved reserves in U. S. 


NO. 9—140 pp. GENERAL: Sedimentation in barred basins, source rocks; barometric 
surveying; geothermal gradients. IOWA: Burlington limestone. MISSOURI: Burling- 
ton limestone. POLAND: Stratigraphic comparison of crude oils. 


NO. 10—136 pp. CALIFORNIA: Santa Lucia Range and Salinas Valley; Pinnacles 
National Monument; Knoxville Mesozoic series. GENERAL: Rocky Mountains; sand 
analyses; X-ray crystal analysis. LOUISIANA: residues in rock salt. 


NO. 11—134 pp. ARKANSAS: Pennsylvanian. GENERAL: Evaluation of petroleum 


index of refraction; colorimetric determination of oil open-space replacements. KAN- 
SAS and OKLAHOMA: Source beds. RUSSIA: Urals. TEXAS: Laredo. 


NO. 12—129 BP ARABIA: “Black Sea” conditions in Arabian Sea. KANSAS: Permian 
NEW YORK: Oriskany. OKLAHOMA: Permian. PENNSYLVANIA: Oriskany. 
TEXAS: Sand Hills, Crane Co. 


1938 VOL. XXII.—1,746 pp. 12 Nos. Paper. Each...............0.ceceeeeeeeeee ($1.00) 
WHOLE VOLUME: Bound in two parts. Cloth. ($4.00) 


NO. 1—128 pp. EAST INDIES: Geology. ILLINOIS: Discoveries. KANSAS: Con- 
ference. MONTANA: Dry Creek and Golden, Carbon Co. NEW YORK: Medina and 
Trenton. OHIO: Monongahela-Dunkard, Washington Co. TEXAS: Lavaca Co. 


NO. 2—112 pp. CALIFORNIA: Santa Monica Bay. GENERAL: Repressuring; 
graptolites. LOUISIANA: Aragonite in salt-dome cap rocks. MICHIGAN: Mississip- 
pian gas sands. TEXAS: Aragonite. WEST VIRGINIA: Oriskany series. 


NO. a Cockfield and Gosport. GENERAL: Bighorn- Yellowstone 
been KE CKY: Meade, Hardin, and Breckinridge Cos. LOUISIANA: Tepetate. 
MISSISSIPPI: Cockfield, Gosport. PENNSYLVANIA: Oriskany. 


and sections of oil states; folds in three dimensions. MICHI 


NO. 4—124 pp. GENERAL: Appalachian field history; bibliography of structure maps 
i ; ions. GAN: Oil and 


gas. 
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NO. 5—116 pp. GENERAL: Future of geologist; Oriskany sandstone petrology; geologi- 
cal limitations to oll law. NEW MEXICO: New section of Trinity 4g. 


NO. 6—156 pp. DEVELOPMENTS: ARKANSAS, CALIFORNIA, GULF COAST, 
ILLINOIS, KANSAS, LOUISIANA, MICHIGAN, NEW MEXICO, ROCKY 
MOUNTAINS, RUSSIA, TEXAS. Economics. Wildcats. 


NO. 7—164 pp. FLORIDA: Possibilities. GEORGIA: Coastal Plain. GENERAL: 
Atlantic Coastal Plain; time of accumulation; differential settling and lenticular sands. 
MISSISSIPPI: Scanlan, or Midway, salt dome, Lamar Co., MISSOURI: Cherokee 
formation near Kansas City. NEW JERSEY: Possibilities. OKLAHOMA: Ouachi 
Mountains. TEXAS: Permian basin. 


{NO. 8—180 pp. ALABAMA: Tertiary zones. ARKANSAS: Southern. CALIFORNIA: 
Wilmington. COLORADO: Powder Wash field. FLORIDA: Tertiary zones. GENERAL: 
oil and gas law. MISSISSIPPI: Tertiary zones. NORTH AMERICA and RUSSIA: 
Permian ammonoid zones. OKLAHOMA: Marlow deep well. TEXAS: Chapel Hill. 
WEST VIRGINIA: Development; anticlinal theory. 


NO. 9—172 pp. ARABIA: Red Sea. CANADA: McMurray. GENERAL: oil reservoirs; 
geology 100 years ago; wildcats; secondary tilt; porosity; permeability; index deter- 
mination. LOUISIANA: Shreveport. TEXAS: Refugio, Segno Cleveland pools. VEN- 
EZUELA: central part. WEST VIRGINIA: Gas in Appalachians. 


NO. 10—168 pp. GENERAL: Well spacing. KENTUCKY: Irvine field; ‘“Corniferous” 
Px = Darrow salt dome. TEXAS: Barrila and Davis Mts. UTAH: Great 
t 


NO. 11—156 pp. GENERAL: East-central U. S. KANSAS: “Mississippi lime” residues. 
LOUISIANA: Carterville-Sarepta and Shongaloo; Sugar Creek; Cotton Valley. OKLA- 
a Jesse and Olympic pools. TEXAS: Navarro Crossing; Cedar Point; Friends- 
wood. - 


NO. 12—118 pp. ALABAMA: Upper Cretaceous. GENERAL: Gulf and Western In- 
terior Upper Cretaceous. KENTUCKY: Rough Creek fault. LOUISIANA: Bellevue. 
MISSISSIPPI: Upper Cretaceous. OKLAHOMA: Ouachita deformation. 


WHOLE VOLUME: Bound in two parts. Cloth 


NO. 1—120 pp. CALIFORNIA: Reef Ridge shale; Santa Maria Valley field. NE- 
BRASKA: Agate anticline. UTAH: “Park City” beds, Uinta Mts. 


NO. 2—160 pp. LOUISIANA: Vicksburg Oligocene fauna. OKLAHOMA: Keokuk pool. 
ne Coastal Plain, Harris Co.; heaving shale. UTAH: St. George district, Wash- 
ington Co. 


NO. 3—180 pp. LOUISIANA: Lisbon field. OKLAHOMA: Osage subseries. TEXAS: 
McFadden Beach salt dome. 


NO. 4—164 pp. CALIFORNIA: Ridge Basin. LOUISIANA: Barataria Bay sediments. 
MISSOURI: Bainbridge formation. MONTANA: Baker-Glendive anticline. OKLA- 
HOMA: Verden shoestring sand. TEXAS: Orange field; Oligocene salt erosion, Gulf 
Coast. U.S.S.R.: Salt domes. WYOMING: Wind River Canyon. 


NO. 5—140 pp. GENERAL: Two tilts. KANSAS: Greenwich pool. OKLAHOMA: 
Dora pool. PERU: Agua Caliente anticline. TEXAS: Travis Peak feonation; Fairbanks 
and Satsuma fields. TURKEY: Southern. 


NO. 6—218 pp. DEVELOPMENTS: ARKANSAS, CALIFORNIA, FOREIGN, 
ILLINOIS, LOUISIANA, NEW MEXICO, OKLAHOMA, ROCKY MTS., TEXAS. 
GENERAL: Crude oil, product prices; wildcats. 


NO. 7—180 pp. GENERAL: Rock units. KANSAS: Hugoton gas field. OKLAHOMA: 
Wichita Mts., Arbuckle asphaltic material. TEXAS: Panhandle gas field; Carlos 
structure and Ferguson Crossing dome, Grimes and Brazos Cos. 


NO. 8—124 pp. ARKANSAS: Basilosaurus. CALIFORNIA: Potrero Hills gas field. 
GENERAL: Rocky Mtn. geology; black shale. KANSAS: Loess near McPherson. 
LOUISIANA: Stream patterns. SOUTH DAKOTA: Wildcat, Pennington County. 
TEXAS: Ben Bolt and Magnolia City fields, Jim Wells Co.; Muralla field, Duval Co. 
VENEZUELA: Trinidad geological conference. 


NO. 9—148 pp. GENERAL: Isostatic layer. ILLINOIS, INDIANA, KENTUCKY: 
Correlation of minable coals. MISSISSIPPI: Jackson Eocene from borings at Green- 
ville. TEXAS: Basis of proration. WYOMING: Wind River Canyon. 
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1929 


1935 


1936 


1936 


1936 


1937 


1938 


1939 


SPECIAL PUBLICATIONS 


THE AMERICAN ASSOCIATION 
OF PETROLEUM GEOLOGISTS 
Box 979, Tulsa, Oklahoma 


Structure of Typical American Oil Fields. Symposium on relation of 
oil accumulation to structure. By many authors. Originally in 2 vol- 
umes, Vol. I, exhausted. Vol. II, 780 pp., 235 illus. 6 x 9 inches. Cloth. 


To members and associates, Vol. II, $5.00 .................... Vol. II $ 7.00 


Geology of Natural Gas. Symposium on occurrence and geology of 
natural gas in North America. By many authors, 1,227 pp., 250 illus. 
6 x 9 inches. Cloth. To members and associates, $4.50 .............. 


Geology of the Tampico Region, Mexico. By John M. Muir. 280 pp., 
15 half-tone plates, 41 line drawings, 9 tables. 6 x 9 inches. Cloth, To 


Gulf Coast Oil Fields. Symposium on Gulf Coast Cenozoic. By 52 
authors. Chiefly papers reprinted from the Association Bulletin of 1933- 
1936 gathered into one book. xxii and 1,070 pp., 292 figs., 19 half-tone 
pls. 6 x 9 inches. Cloth. To members and associates, $3.00 ............ 


Structural Evolution of Southern California. Sequel to Geology of Cali- 
fornia. By R. D. Reed and J. S. Hollister. 158 pp., 8 half-tone plates, 57 
line drawings, 6 tables, 1 folded map in colors. Reprinted from De- 
cember, 1936, Bulletin, bound in cloth. 6 x 9 inches .................. 


Areal and Tectonic Map of Southern California, in colors, same as in 
book, 27 x 31 inches, rolled in mailing tube .....................05. 


Comprehensive Index of 20 volumes of the Bulletin and all special publi- 
cations of the Association (1917-1936). By Daisy Winifred Heath. 
382 pp., 6.75 x 9.5 inches. Paper. To paid up members and associates, 


Miocene Stratigraphy of California. By Robert M. Kleinpell. 450 pp., 
14 line drawings, including a large correlation chart, 22 full-tone plates 
of foraminifera, 18 tables (check lists and a range chart of 15 pages). 
6 x 9 inches. Cloth. To members and associates, $4.50 ............... 


Recent Marine Sediments. Symposium of 34 papers by 31 authors. As- 
sembled by the committee on sedimentation, Division of Geology and 
Geography, National Research Council. 700 pp., 139 figs. 6 x 9 inches. 
Cloth. In press. To members and associates, ................00.ee00e 


Prices postpaid. Write for discount to colleges and public libraries. 


In Oklahoma, add 2 per cent for sales tax. 
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CAN YOU PUT A RING AROUND 
PRODUCTION WITH YOUR PRESENT 
EXPLORATION | = 
METHOD? f 


A Soil Survey is a direct and rapid nr \ ae 
prospecting method available at rea- 


sonable cost for reconnaissance or con- 


firmation of results achieved by other 5 ¢ 
means. 


We invite your inquiries and will be gled Hl| 
to send illustrated booklet on request. 


EUGENE McDERMOTT 
PRESIDENT 


SERVICE 
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UGHES TOOL co. 
HOUSTON, TEXAS 


& time when a large, unbroken, uncon- 
taminated core must be had. Then is 
— when it pays to send down a Hughes 
_ kind of core you want 
— 
* and soft forma- 
» 


